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                THF                                                          tetrahydrofuran 
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General introduction
1
The original ambition of this work is a rational design of electrostatic constraints in
molecules, and the analysis of the effects on their configurational stability and reactivity with
polar reactant. The ultimate challenge is actually biomimetic in nature: the actors of the
biosynthetic machinery are the enzymatic catalysts, which increase the rate of reactions by a
factor of 106 to 1012 allowing the chemical reactions that make life possible to take place at
normal temperatures. As compared to artificial catalysts (synthesized in laboratory flasks), it
happens that a general specificity of natural enzymes (generated in living cells) is the
determining role of electrostatic interactions over orbital interactions. Electrostatic
interactions are indeed assumed to govern not only the secondary and tertiary structure of
enzymes, but also the selectivity of transformations occuring in their catalytic pockets.
According to the Coulomb’s law, the energy of electrostatic interaction between two electric
charges q1 and q2 could be described by the equation E = ke q1q2/r, where r is the distance
between the two charges and ke is a proportionality constant. This shows that electrostatic
interactions between charged atoms occur in a continuous manner at large distance, and can
be not only attractive, but also repulsive beyond the van der Waals contact distance. This
continuous repulsive mode is thus complementary to the « steric effects » which can be
regarded as the discrete repulsive mode between filled orbitals.
In view of mimicking enzymes, artificial catalyst challengers are transition metal
complexes of specific ligands. These ligands provide the metal center with the required
electronic/steric properties and remain “spectator” during the catalytic cycle, the latter taking
place under the dominant control of attractive and repulsive interaction of orbital nature.
Spectator ligands of late transition metal catalysts (Ru, Rh, Ir, Ni, Pd,...) are essentially
defined by the nature of the coordinated atom and the set of heteroatoms directly bonded to it.
Considering the most representative Lewis structure of the metal-ligand interaction, two types
of neutral ligands can thus be distinguished: the -saturated (sp3) ligands and the -
unsaturated (sp2) ligands (Figure 1).
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Figure 1. Typology of the most documented neutral persistent ligands of late transition
metals.
Most of them have long been centered on group 15 atoms in both the saturated (phosphanes,
amines..) and unsaturated (Shiff bases, oxazolines, iminophosphoranes, sulfoximines, …)
series. More recently, unsaturated ligands centered on a group 14 atom (sp2 carbon) appeared
as a competing category through carbenes, and in particular with the tremendous development
of N-heterocyclic carbenes (NHCs). Saturated ligands centered on a sp3 carbon atom,
illustrated by phosphonium ylides, have been more punctually mentioned for the catalytic
activity of their complexes. Although these two types of neutral carbon ligands differ by their
formal character in the Green formalism (L for NHCs, X for ylides), they share two noticeable
common features of their bonding mode: (i) their -donor vs π-acceptor character, and (ii) 
their intrinsic -zwitterionic character (¯C=N+, –C-P+) resulting in a formal -zwitterionic
form of the coordinated unit (–M-C=N+, –M-C-P+). The latter should thus induce
electrostatic distortion in the metal coordination sphere which could play a determining role in
the control of metal-centered processes. The zwitterionic character of these ligands is also
formally reminiscent of the zwitterionic character (at the isoelectric point) of free -
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aminoacids (alanine etc..) and peptidic bonds (NH–C=O <–> NH+=C–O–) constituting the
enzyme pockets. The NHC and ylide complexes can thus be considered as relevant models for
the study of bio-inspired electrostatic components in artificial catalysts (see above).
It must however be emphasized that electrostatic interactions are not absent in
complexes of “apolar ligands”, but mainly result from differences in electronegativity
between the atoms surrounding the metallic center, and are thus expected to be weak.
After a general bibliographical chapter surveying the different types of neutral 1-
carbon ligands (NHCs, ylides,...), the second chapter will focus on the preparation and
characterization of highly strained cyclic diphosphoniums of type A where strong repulsive
electrostatic interactions are present. The third chapter deals with the use of such
diphosphoniums as precursors of more relaxed zwitterionic cyclic diphosphonium bis-ylides
which can act as electron-rich neutral carbon ligands in complexes of type B (Figure 2).
M
C
PPP
A
P
C
2
B
Figure 2. Schematic representation of constrained diphosphoniums A and -zwitterionic
diphosphonium bis-ylide complexes B.
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I.I- General context. 
Although the advent of the organometallic chemistry of transition metal complexes took 
place in the 1950s, the history of the transition metal carbon bond began in 1827 with the 
isolation by Zeise of the first complex containing a carbon ligand, [Pt-2(C2H4)Cl2]2.
1
 Later 
on, the discovery of Ni(CO)4 in 1890 by Langer and Mond, initiated the chemistry of 
carbonyl metal complexes,
2 which resembled two great steps forward in 1964 and 1973, with 
Fischer’s reports of the first carbene and carbyne complexes, respectively.3 
Since Wilkinson’s discovery of the hydrogenation catalysts RhCl(PPh3)3 and 
RuCl2(PPh3)3, the study of the coordination chemistry of late transition metal complexes has 
been greatly motivated by their applications in homogeneous catalysis. Indeed, the catalytic 
efficiency and selectivity are primarily determined by the nature of the ligands. As reminded 
in the General Introduction, the traditional typology of spectator ligands of late transition 
metal catalysts is generally based on the nature of the coordinated atom and the set of 
heteroatoms directly bonded to it. Phosphines and amines have long been exclusively used as 
neutral 1 spectator ligands of metal catalysts.4 More recently however, neutral carbon-
centered 1 ligands appeared as competing candidates.5 Three kinds of such ligands can be 
distinguished (Scheme 1): 
 - the saturated sp
3
- ligands represented by the ylides. 
 - the unsaturated sp
2
-
 
ligands constituted by the carbenes. 
 - the unsaturated sp-
 
ligands examplified by the (hetero)-cumulenylidenes. 
In the traditional general typology, ligands are usually well described by their electronic 
(/ versus acceptor/donor character) and steric properties. The electronic contribution of a 
given ligand obviously depends on both the hybridization state and the nature of the 
susbtituents bonded to the coordinating atom. Consequently, a classification of the envisaged 
carbon ligands in term of donating character appears possible. In other words, an ylide (sp
3
) 
should be a better donor than a carbene (sp
2
), itself a better donor than a cumulenylidene (sp). 
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1- sp3 carbon ligands:
C
N
N
C
X
Y
X = N, P
Y = N, P, C, Si
2- sp2 carbon ligands: 3- sp carbon ligands:
C C CC C C
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R
R
R
R
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X
R
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* non-NHCs
* cumulenylidenes
R = alkyl, aryl
* heterocumulenylidenes
[M] [M]
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[M][M]
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C
X
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X
2
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C C C
X
R
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2n + 12n + 1
a a
a
a a
a
a: carbon atom obeys at the octet rule in this non-coordinated form.
b: carbon atom defies the octet rule in this non-coordinated form.
C
N
N
[M]
b
b
b
C
X
Y
[M]
b
 
Scheme 1. Typology of metal complexes of neutral 1-carbon ligands. 
 
I.II- Saturated sp
3
- carbon ligands. 
The saturated sp
3
- ligands, mostly illustrated by the ylides, can be viewed as species in 
which a positively charged heteroatom X (such as P, S, N) is connected to an atom possessing 
an unshared pair of electrons. The main class of ylides is constituted by the phosphonium 
ylides where an easily pyramidalized carbanion is stabilized by an adjacent tetrahedral 
phosphonium center. The first preparation of a phosphonium ylide, the 
pentaphenylphosphorane, was reported in 1919 by Staudinger,
6
 but it is only Wittig who 
demonstrated in 1949 the utility of such derivatives for the formation of carbon-carbon double 
bonds.
7
 
Beyond their ubiquitous role in organic synthesis, "stabilized", "semi-stabilized" or "non-
stabilized" phosphonium ylides are fascinating ligands of transition metals.
8
 Their 
coordination chemistry is dominated by C-coordination to the metal center: they are known to 
exclusively act as 
1
- carbon-centered ligands rather than as 
2
-C=P ligands. 
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Among them, the most examplified -stabilized phosphonium ylides of type A exhibit 
valuable properties such as a high stability and an ambidentate character as ligands. The 
possible presence of different functional groups in their molecular skeleton has allowed the 
identification of coordinated ylides in different bonding modes: C-, O-, and N-coordinated, or 
even situations in which the same ylide shows a combination of bonding modes. As a general 
feature however, the coordination chemistry of -stabilized phosphonium ylides ligands 
remains dominated by the ylidic C-metal coordination (Scheme 2). 
Phosphonium ylides form complexes with almost every metal of the periodic table. 
Initially, most of the reactions of transition metal complexes with ylides were investigated 
with carbonyl-stabilized ylides at Pd(II) and Pt(II) metal centers. One of the first examples of 
ylide complex was reported by Arnup and Baird in 1969.
9
 
On the other hand, it was recently showed that C-amino-substituted phosphonium ylides B 
are destabilized by the two-center, four-electron system and are keen to undergo 
fragmentation into phosphine and carbene products.
10
 These properties prompted chemists to 
use such ylides as carbene transfer agents for transition metals (Scheme 2). The 
+
P
…
C
–
 bond 
of acyclic and cyclic C-amino phosphonium ylides could indeed be activated by different 
transition metal fragments, resulting in the formation of complexes featuring both the 
phosphine and the aminocarbene moieties.
11 
 
 
Scheme 2. The two types of phosphonium ylides for coordination chemistry: the -stabilized 
type A, and the destabilized C-amino type B. 
 
Changing one of the two substituents directly bonded to the ylidic carbon atom by a second 
positively charged heteroatom led to the formation of a bis-ylide. In this category, 
carbodiphosphoranes constitue the best known representatives. They contain two cumulated 
Neutral η1-carbon ligands 
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ylide functions and a formally divalent central carbon atom with two negative charges, 
stabilized by two phosphonio groups.
12
 The presence of two lone pairs of electrons at the 
central carbon atom induces a bent structure and a very strong nucleophilicity.  
Since their first report in 1961 by Ramirez,
13
 these potential electron-rich carbon-centered 
ligands have attracted considerable interest for the design of transition metal catalysts. The 
first complexes were described respectively in 1973 by Kaska (1:1 complex) and in 1975 by 
Schmidbaur (1:2 complex).
14
 Related carbodiarsoranes (R3AsCAsR3) have also been reported 
in 1985,
15
 and more recently, bis-ylides containing the S
VI
=C=S
VI
 sequence, and even mixed 
phosphonium-sulfonium bis-ylides, have been isolated.
16
 
In this direction and along a biomimetic approach of enzyme pockets (see General 
Introduction), the Toulouse group proposed in 1998 the study of complexes where a 
"proximal" cationic charge which would embed the metal into a chiral electrostatic field. The 
aim was to identify catalytic transformations of polar substrates whose stereoselectivity would 
be governed by dative-electrostatic interactions (Scheme 3). 
 
 
PR2
A
R3P
M
S
*

 
 
Scheme 3. Envisaged cationic chelating chiral ligand for catalytic purposes. 
 
Preliminary results with the flexible methyl diopium ligand suggested that a chelating 
character of the ligand is required to perform enantioselective reactions (hydrogenation, 
hydrogen transfer,…).17  
A natural prolongation was so the synthesis of a hybrid ligand, containing both a 1-
phosphine terminus and a 1-C non-stabilized phosphonium ylide terminus. This was 
achieved by the study of the ylide derivative of the more rigid methylbinapium ligand C (non-
stabilized « Yliphos ») (Scheme 4).
18
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The chiral phosphine-phosphonium precursor C was obtained by mono-quaternization of 
the (R)-BINAP enantiomer. The corresponding ylide, generated in situ by addition of 
butyllithium, was converted then to the atropochiral phosphine-phosphonium ylide complex 
D by reaction with [Rh(cod)Cl]2 (Scheme 4). 
 
PPh2CH3
PPh2
BF4
1) n-BuLi
2) [Rh(cod)Cl]2, NH4BF4
BF4
P
P
CH2
Rh
Ph
Ph
PhPh
C
D
 
Scheme 4. Preparation of an atropochiral resolved phosphine-phosphonium ylide rhodium(I) 
complex D from methylbinapium ligand C. 
 
Later on, more rigid chiral six membered pallada- and rhoda- cycles involving P,C-
chelating ligands based on the ortho 1,2-diphenylphosphino-benzene backbone were 
developed. In these complexes, the chirality element is centered at the metallated ylidic 
carbon.
19
 These complexes bearing an appending chiral sulfinyl center in the rhodium and 
palladium series provided the first examples of resolved « non-salt free » asymmetric ylidic 
carbons (Scheme 5). 
 
Ph
P
Ph
C
P
PhPh
[M]
R
S
O
p-Tol
R = H, Me
M = Rh, Pd
 
Scheme 5. First examples of resolved « non-salt free » asymmetric ylidic carbons. 
 
The preparation of hybrid C,C-chelating ligands of transition metals has been recently 
achieved in our group with a NHC-phosphonium ylide representative. For this purpose, the 
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initial strategy developed in the achiral imidazolyl-phenyle case was transposed in the 
benzimidazolyl-naphthyle series.
20
  
The enantiomerically pure ortho-palladated (S)-dimethyl(1-phenylethyl)amine co-ligand 
was used as a chiral resolving agent for the separation of two diastereoisomeric NHC-ylide 
complexes G derived from the racemic amidinium-phosphonium precursor E. A selective pre-
complexation of the carbenic center allowed to isolate the NHC-phosphonium complexes F, 
which then underwent intramolecular coordination of the appending phosphonium ylidic 
carbon atom in basic conditions. After separation by fractional crystallization, hydrochloric 
treatment of each diastereoisomer was found to keep intact the two carbon-palladium bonds, 
affording the two -zwitterionic NHC-ylide palladate enantiomers (R)-H and (S)-H,21 where 
the phosphonium positive charge is compensated by a palladate negative charge (Scheme 6). 
According to X-ray diffraction analyses, these complexes exhibit a classical square planar 
geometry and a low dihedral angle value of the atropochiral ligand (64.10°). 
 
 
N
N
PPh2
CH3
Me
Pd N
Cl
N
N
PPh2
Me
Pd N
CH2
Pd
N
Cl
NEt3
 TfO
KHMDS
 TfO
2
87 %
86 %
+ 1/2
N
N
PPh2
Me
Me
2 TfO
E
H
N
N
PPh2
Me
Pd Cl
CH2
Cl
1) crystallization
2) HCl
G
F
H
 
Scheme 6. Synthesis and resolution of an atropochiral NHC-phosphonium ylide palladium 
complex H. 
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Surprisingly, the catalytic properties of phosphonium ylides were practically not explored 
until recently. In the achiral version, only two examples were reported, namely a rhodium-
dilylide complex for the hydrogenation of 1-hexene,
22
 and a nickel-ylide complex for the 
polymerization of olefins.
23
 It must be however emphasized that phosphino-enolate nickel(II) 
complexes used in the SHOP process are generally obtained via oxidative addition of keto-
stabilised phosphonium ylides to a nickel(0) complex.
24
  
In the chiral version, ylide derivatives of (R)-methylbinapium (non-stabilized « Yliphos ») 
afforded rhodium complexes, with significant catalytic activity but low enantioselectivity.
25
 
The poor enantioselectivity was explained by the flexiblility of the eight-membered 
rhodacycle, which did not allow to maintain a stable chiral configuration in the vicinity of the 
metal center. Moreover, Ohta claimed that Pd- or Pt- Yliphos complexes were able to catalyze 
allylic substitution in high yields with high enantioselectivities (up to 90%).
26
  
In the case of the more rigid 1,2-diphenylphosphino-benzene backbone, the corresponding 
rhodium complex was shown to catalyze hydrogenation of (Z)--acetamidocinnamic acid and 
hydrosilylation of acetophenone.
27
 The palladium complex was reported to be an efficient 
pre-catalyst for allylic substitution of 3-acetoxy-1,3-diphenylpropene.
28
 Despite low 
enantioselectivities (which were attributed to in situ epimerization processes), these molecules 
constitute a new familly of hybrid P,C-chelating chiral ligands of transition metals. 
Finally, the recently synthetized NHC-ylide ligands certainly deserve to be tested in 
catalytic processes requiring electron-rich ligands, like oxidative additions of non-reactive 
bonds. 
I.III- Unsaturated sp
2
- carbon ligands. 
The unsaturated sp
2
-
 
ligands are represented by carbenes, and in particular by the N-
heterocyclic carbenes (NHCs).
5
At the begining, carbenes were considered only as chemical 
curiosities, they were introduced by Doering in organic chemistry in the 1950s 
29
 and by 
Fischer in organometallic chemistry in 1964.
3
 Later on, it was shown that the stability of 
carbenes could be dramatically enhanced by the presence of heteroatom substituents.  
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Indeed, following the discovery of the first stable carbene, a (phosphino)(silyl)carbene I by 
Bertrand in 1988,
30
 a variety of stable acyclic and cyclic carbenes have been prepared. With 
the exception of bis(amino)cyclopropenylidenes J,
31
 all these carbenes feature at least one 
amino or phosphino donor group directly bonded to the electron-deficient center (Scheme 7). 
In 1991, the isolation of cyclic diaminocarbenes (NHCs) K by Arduengo constituted a 
tremendous success in both organic and organometallic chemistries.
32
 Few years later, they 
were found to provide many applications as ligands of transition metal catalysts, and even as 
organic catalysts.
33
 Their efficiency is generally attributed to their unique combination of 
strongly -donating, poorly -accepting, and steric properties. As compared to phosphorus 
ligands, they are more strongly bound to the metal, and the resulting catalysts are less 
sensitive to air, moisture and oxidation.  
Analogues of NHCs such as cyclic diphosphinocarbenes L
34
 or alkyl-monoaminocarbenes 
M (CAACs)
35
 were then devised (Scheme 7). As compared to NHCs, their specific electronic 
and steric features allowed for specific applications, in particular as ligands of original 
catalysts.
36
 
 
P
C
Si
C
C
C
N N P P
N
N C
I J K L M  
Scheme 7. Represenation of isolated singlet carbenes I-M. 
 
I.IV- Unsaturated sp- carbon ligands. 
After the discovery of carbene complexes, higher unsaturated carbenes ligands namely 
allenylidenes (n = 0) and cumulenylidenes (n ≥ 1) ligands have been envisaged. Recently, this 
class of neutral carbon ligands has attracted a renewed interest from both theoretical and 
experimental viewpoints, especially for their use as ligands in catalysis or as bricks in the 
design of new materials.
37
 The two first examples of transition metal complexes containing 
allenylidene ligands were simultaneously reported by Huttner and Berke in 1976.
38
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Analogously to carbene complexes, the substitution at the terminal carbon atom of the 
ligand exert considerable influences on the electronic structure, and consequently modifies the 
chemical reactivity of the corresponding complexes.  
Most metallacumulene complexes bear carbon susbtituents, mainly aryl groups which 
protect the terminal carbon atom and thus stabilize the most reactive higher homologues. The 
metallocumulenes with heteroatom substituents, mainly amino and alkoxy groups, are 
expected to be stabilized through polyyne resonance structures (Scheme 8). 
 
 
 
Scheme 8. Octet-stabilized amino-allenylidene ligands (left), and non-octet-stabilized 
allenylidene ligands (right). 
 
More precisely, in complexes possessing weak donor groups at the terminal carbon atom, 
the cumulenylidene resonance form predominates, while the contribution of the zwitterionic 
alkynyl resonance form increases with the enhancement of the -donor character of the 
terminal substituents. The reactivity of the allenyl moiety of allenylidene complexes is 
consequently well-established, and characterized by nucleophilic attacks at the C and Cγ 
carbon atoms, and by electrophilic attacks at the Ccarbon atom. In addition to geometrical 
changes (e.g. in bond lenghts), the presence of donor groups induces an important electron 
transfer from the susbtituents to the metal center, thus increasing the electron richness of the 
metal center.  
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Within this general context, the design of new phosphonium ylide ligands, and 
especially of potentially chelating versions, is desired. The study of their diphosphonium 
precursors is also a prerequisite. These challenges are addressed in Chapters 2 and 3 of this 
thesis. 
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II.I. Introduction 
In the design of molecular bifunctional structures (chelating ligands, dipolar 
chromophores, ring building blocks through concerted processes,…), the o-phenylene linker 
combines the following geometrical, electronic and energetic characteristics: non-linear C2-
long cis spacing, rigidity and π-conjugation, stability and insulating properties, the latter being 
dictated by the benzenic aromaticity. An ubiquitous representative in coordination chemistry 
is the o-bis-(diphenylphosphino)-benzene (o-dppb) ligand 1 of transition metals. In addition to 
the early examples,
1,2
 Schmidbaur et al reported in 2004 a gold(III) complex I containing the 
o-dppb ligand 1 (Scheme 1).
3 
 
Scheme 1. Preparation of the complex [(dppb)AuI2]
+
[I3]
¯
 (I) from o-dppb (1). 
 
In the homoleptic series, Nierengarten et al have described the synthesis of a Cu(I) 
complex II containing two o-dppb ligands 1 which presentes interesting properties as an 
electrophosphorescent material (Scheme 2).
4
 
 
 
Scheme 2. Homoleptic complex of o-dppb 1: [Cu(dppb)2]BF4 (II). 
 
In the p-block metal series, Levason et al. prepared a gallium complex III from the o-
dppb 1 as illustrated by (Scheme 3).
5
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Scheme 3. The complex [GaCl2(o-dppb)][GaCl4] (III). 
 
In these different complexes, the P
+
/P
+ 
electrostatic strain of the semi-polar 
 Lewis structure of the  dative bonds is however partly relieved 
by retro-π-back-donation of the occupied d orbitals of the transition metal M towards the 
empty *P–C
 
anti-bonding orbitals of the o-dppb ligand. In the main group series, the formal 
charge separation of monocationic diphosphoniums is stabilised in a lesser six-membered ring 
with cyclic monocationic diphosphinoboroniums (M = BH2
+
) (Scheme 4).
6
 
 
 
Scheme 4. Preparation of the 1,8-bis(diphenylphosphino)naphthalene boronium chloride (V). 
 
In transition metal complexes, although P-M bonds (ca 2.2 ± 0.1 Å) are longer than P-C 
bond lengths (ca 1.8 Å), replacing "hard" alka-diyl bridges for the "soft" M center restores the 
crude electrostatic repulsion, which is the topic of this chapter. Historically, the first example 
of a stable vicinal diphosphonium has been reported to the best of our knowledge by Aguiar et 
al in 1966.
7
 It was obtained by a reaction between the cis-vinylene-bis-(diphenylphosphine) 
P PM
2
P PM
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VI with an excess of 1,2-dibromoethane (Scheme 5). This diphosphonium VII was fully 
characterized by NMR and MS technics which allowed to confirm its structure.  
 
Δ 
 
Scheme 5. Synthesis and reactivity of the first stable vicinal diphosphonium VII, and its base 
hydrolysis. 
 
The diphosphonium VII is characterized by a high melting point (298-300°C). 
Apparently, this diphosphonium presented some stability toward bases at room temperature. 
However, the  reaction of the diphosphonium VII with a base at higher temperatures has 
resulted in the formation of the phosphine oxide VIII, after extursion of the ethylene bridge.  
In the nitrogen series, the diammonium analogue of the o-dppb 1 still remains unknown. It 
can be mentioned that Brown et al. have reported the preparation of the mono-ammonium 
derivative X, obtained by reacting the o-phenylene diamine IX with methyl iodide in a 
methanol solution (Scheme 6).
8
 
 
 
Scheme 6. Mono-quaternization of the o-phenylene diamine IX. 
 
Note that the second quaternization of the corresponding meta and para isomers of IX has 
been described (Scheme 7). In the ortho series, the non obtention of the diammonium might 
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be due to a strong destabilizing electrostatic repulsion between the two proximal positive 
charges. 
 
 
Scheme 7. Known and unknown phenylene dicationic salts. 
 
In a marked contrast, the enhanced stability of the o-phenylene bis(alkyl-
diphenylphosphonium) salts can be attributed to the large bond length in the phosphonium 
series and to the possibility of charge delocalization over phenyl rings through π(Ph)-*(P
+
–
C) overlap (P is softer than N). This stabilization was also suggested to occur in the analogous 
non-benzannelated bis-phosphonium salts derived from the cis-Ph2P-CH=CH-PPh2 core 
mentioned previously (Scheme 4). Nevertheless, the features of the more robust aromatic o-
dppb core deserved to be investigated further. This is hereafter systematically addressed for 
the covalent constraint of alka-1, n-diyl bridges of various lengths: n = 1 (5), n = 2 (6) and n = 
3 (7, 8). These cyclic systems will be systematically compared to the ring strain-free  
XXIII
.  
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Scheme 8. Different cyclic diphosphoniums. 
 
II.II. Preparation of vicinal diphosphoniums. 
      II.II.1. Synthesis of the o-dppb ligand 1. 
The o-bis-(diphenylphosphino)-benzene 1 can be prepared by different methods.
9,10
 The 
strategy used during this work was published by Tunney et al.
11 
 In a first step, the addition of 
lithium metal and trimethylsilyl chloride to the triphenylphosphine allowed to prepare in a 
good yield the diphenyl(trimethylsilyl)phosphine (75%). Then by a coupling reaction with the 
2-bromoiodobenzene and in the presence of a palladium complex catalyst, the first 
diphenylphosphino fragment was introduced into the benzene ring (82%). Finally, after 
addition of n-butyllithium followed by chlorodiphenylphosphine, the o-dppb ligand 1 was 
obtained in a good overall yield (75%)  
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Scheme 9. Preparation of the o-dppb diphosphine 1.  
 
Where in 2008, a new method has been introduced by Lipshutz et al.
12
 According to this 
report, the chlorodiphenylphosphine was directly added to a mixture of potassium and o-
difluorobenzene in toluene. After refluxing the mixture for 24 hours, recrystallization of the 
crude residue in toluene afforded the desired o-dppb ligand 1 in a 75% yield.  
 
 
Scheme 10. One pot method for the preparation of the o-dppb ligand 1. 
 
It is noteworthy that analogues of 1 possessing different substituents at the phosphorus 
atoms ranging from methyl to phenyl groups were reported in the litterature.
13,14,15
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Scheme 11. Examples of o-diphosphinobenzene derivatives. 
 
 
 II.II.2. Acyclic (non-bridged) diphosphoniums 
The o-dppb 1 has been reacted with iodomethane to give the phosphino-phosphonium  
XXI,
16
 the ylide XX of which has been studied for its coordinating properties towards 
rhodium(I) fragment.
17
 
 
 
Scheme 12. Preparation of the rhodium(I) phosphine-phosphonium ylide complex XXI. 
 
Methylation of the second phosphorus atom with fluoromethylsulfate or methyl triflate 
afforded the dication XXIII,
18
 which can also be directly obtained from 1 with an excess of 
methyl triflate in CH2Cl2 at 40 °C in 90% yield (Scheme 12).
19
 The 
31
P NMR chemical shift 
of XXIII is found within the normal range of diphosphonium derivatives (+26.2 ppm in 
CD3CN). 
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Scheme 13. Different methods to prepare the acyclic diphosphonium (XXIII). 
 
The solid state structure of the diphosphonium salt XXIII•[OTf]2 was determined by X-ray 
diffraction analysis of crystals deposited from acetone. The strain is arrising from the P-C-C-P 
bond angle, which deviates by ca 8.6° from the VSEPR angles at ideal sp
2
 carbon atoms. This 
can be attributed to both electrostatic and steric repulsion: the H3C…CH3 distance of ca 3.86 
Å indeed indicates a tight van der Waals contact between the methyl H atoms. It is also 
noticeable that no π-stacking interaction occurs between phenyl rings. The crystal phase of 
XIII.[OTf]2 is a racemate (P2/c space group) of the chiral C2-symmetric form of XXIII; the 
two enantiomers, named  and , are inded observed in the unit cell. 
 
 
 
Fig. 1 Selected ORTEP view of the bisphosphonium salt XXIII•[OTf]2 as determined from 
XRD analysis of racemate crystals (P2/c space group,  conformer depicted), with thermal 
ellipsoids drawn at the 30 % probability level. 
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In a complement to the solid state results, and in collaboration with the Professor J. 
Lacour from the University of Genève, the solution structure of the dimethyldiphosphonium 
XXIII was studied by NMR techniques after metathesis of the triflate counterions with 
enantiomerically pure X-PHAT chiral anions (X = TRIS, BIN).  
 
 
                                                                  
Scheme 14. Structures of the non-coordinating chiral anions TRISPHAT and BINPHAT. 
 
[(Δ)-BINPHAT] was indirectly shown to discriminate between the enantiomers of the 
diphosphonium, but no effective enantio-differentiation could be measured down to -70 °C in 
CD2Cl2. When associated to [(Δ)-TRISPHAT] counterions, progressive cleavage of the 
diphosphonium afforded the methyl-triphenyl-monophosphonium salt. 
According to these observations and in order to reach a configurationnally stable chiral 
diphosphonium in solution, in a second time the preparation of other acyclic diphosphoniums 
was envisaged and more precisely by the introduction of more bulky substituents than the two 
methyls.  
o-Dppb 1 was thus reacted with one equivalent of ethyl triflate in 1,1,2,2-
tetrachloroethane. After 12 hours of reaction, the mono-ethylated salt 2 was isolated in 98% 
yield (it has been obtained in DCE in the same yield but with a longer reaction time than in 
TCE). To achieve the double alkylation, an excess of ethyl triflate (15 eq.) was added to the  
mono-cation 2, and the solution mixture was heated at 110 °C for 72 hours in 1,1,2,2 –
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tetrachloroethane (TCE). After work-up, the desired diphosphonium 3 was obtained in 86 % 
yield and fully characterized by classical spectroscopic methods. The 
31
P NMR chemical shift 
observed for 3 (+30.5 ppm) is very similar to those of the related diphosphonium XXIII 
(+26.2 ppm). 
                                        
Scheme 15. Synthesis of the mono-ethylphosphonium 2 and the di-ethyldi-phosphonium 3. 
 
An unsymmetrical diphosphonium 4 which contains a methyl and an ethyl substituents was 
also prepared and fully characterised. The first step consists of introducing the ethyl group, 
then the methylation reaction occurs during the second step (Scheme 14). The mixed 
diphosphonium 4 has been fully characterized including by an XRD analysis. In the 
31
P NMR 
spectrum, the diphosphonium 4 appears as an AB system: +29.7 ppm (d, 
3
JPP = 8.0 Hz, 
P
+
CH2CH3) and +26.3 ppm (d, 
3
JPP
 
= 8.0 Hz, P
+
CH3). The X-ray structure of crystals of 4 
deposited from a THF/diethyl ether mixture at 0°C indicates a chiral environment based on 
the same C-2 symmetry backbone of XXIII.[OTf]. 
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Scheme 16. Preparation of the mixed diphosphonium 4, through the ethyl-monophosphonium 
2. 
 
 
Fig 2. ORTEP view of the X-ray crystal structure of the the diphosphonium 4, with thermal 
ellipsoids drawn at the 30% probability level. 
 
II.II.3. Cyclic (bridged) diphosphoniums. 
        a- Methylene-bridged diphosphonium 5. 
The flexible conformation of the dication XXIII was tentatively locked by fusing, linking 
and bridging the terminal phosphoniomethyl groups in the benzannelated 
diphosphoniacycloalkene rings of the dication.  
The dibromide 5•Br2 was previously obtained in 61% yield by refluxing diphosphine 1 and 
dibromomethane in toluene over 10 days.
20
 Replacing CH2Br2 by CH2I2 allowed to isolate 
5•I2 in 96 % yield after a 48 h reaction time (Scheme 15).  
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Scheme 17. Synthesis of the cyclic diphosphonium 5 from 1.  
 
 
 
Fig. 3 ORTEP diagram of the X-ray crystal structure of 5•I2 with thermal ellipsoids drawn at 
the 30% probability level. 
 
In accordance with Schmidbaur results’ in the bromide series,20 the 
31
P NMR chemical 
shift of 5•I2 is classical for a diphosphonium (+33.0 ppm), and its methylene protons 
exchange rapidly with deuterated solvents, thus demonstrating their remarkable acidity (1H 
(P
+
CH2P
+
) = +5.38 ppm, t, 
2
JPH = 11.7 Hz). In a 90/10 TFA/CDCl3 mixture, the 
13
C {
1
H} 
NMR resonance of the methylene carbon atom occurs as a triplet at +23.3 ppm (
1
JPC = 46.8 
Hz). White single crystals of 5•I2 deposited from ethanol were submitted to X-ray diffraction 
analysis (Figure 3, Table 1). The molecular structure is not strictly Cs symmetric, in particular 
because of two different relative orientations of the phenyl substituents at the Ph2P
+
 moieties 
(face-to-face and edge-to-face). While the steric strain of diphosphonium 5 is revealed by the 
phenylene P
+
C=C–P+ bond angle (ca 113° vs 120° at a VSEPR ideal sp2 carbon atom) and the 
C–P+-CH2 bond angle (98°, vs 109.5° at a VSEPR sp
3
 center), the electrostatic strain is 
indicated by the very short transannular P
+…P+
 
distance (2.83 Å vs 2 r vdW(P) ≈ 3.7 Å). This 
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strain results in a high reactivity of 5, in particular with moisture inducing a hydrolytic 
cleavage to the phosphonio-phosphine oxide 5b (Scheme16). 
 
 
Scheme 18. Hydrolysis of the diphosphonium 5 into the oxide form 5b. 
 
b- Ethandiyl-bridged diphosphonium (6). 
By analogy to the previously described similar dialkyl-diaryldiphosphoniums,
21 
the 
benzannelated diphosphonia-cyclohexene 6 was first targeted by reacting 1,2-diiodoethane 
with 1 in dioxane at 40 °C for 72 h. The final reaction mixture contained a reddish solution 
and a sticky white solid, from which 6 could not be identified (only broad signals were 
observed in 
1
H, 
31
P and 
13
C NMR). The dication 6 could however be simply obtained by 
refluxing 1 in 1, 2-dichloroethane as solvent (Scheme 17).  
It was also produced previously by a completely different method (R. Zurawinski) starting 
from ethyl-phosphonium, via the sulfinoethyl-phosphonio-phosphine in the presence of 
[Rh(cod)2] [PF6] (Scheme 20). To get insight into the mechanism of this transformation, it 
must be reminded that the cationic sulfinomethyl- analogue was shown to not enter the 
coordination sphere of a cationic rhodium (I) center, likely because of the electrostatic 
repulsion (whereas the neutral ylide thereof did. Similarly, it has also been shown that the 
reaction of the BINAPIUM cation with the cationic [Rh(cod)2]
+ 
center failed to produce the 
expected Rh
+
/P
+
 dicationic phosphine-rhodium complex: instead, reductive cleavage of the 
P
+
-naphthyl bond occurred affording a -(-P,π-naphthyl) chelating H-MOP rhodium(I) 
complex, the reducing agent being the ethanol solvent. Thus, using THF as a non-reductive 
solvent, reaction with [Rh(cod)2][PF6] did not afford the corresponding dicationic 
phosphonio-phosphine complex. The formation of 6 likely proceeds via rhodium-mediated 
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elimination of sulfenic acid to give a vinylphosphonium intermediate. The intramolecular 
character of the attack of the appending
 
PPh2 group allowed to prevent polymerization by 
recurrent Michael addition.
22
 Changing the rhodium cation by two equivalents of the harder 
Lewis acid Zn(OTf)2 in chloroform, the reaction proceeded at slower rate, suggesting that 
sulfenic acid elimination is promoted by complexation of the soft PPh2 group to the Rh(I) 
center. Heating the sulfinoethyl-phosphonium in THF in the absence of any Lewis acid, only 
afforded the phosphonio-phosphine oxide resulting from a cleavage of an Ar-P
+ 
bond 
(Scheme 20).  
 
 
Scheme 19. Preparation of the diphosphonium 6.Cl2 derived from 1. 
 
 
 
                          
 
 
Fig. 4 ORTEP views of the X-ray crystal structures of diphosphonium 6•[OTf]2 (left) and 
phosphoryl-phosphonium hexafluorophosphate (right) with thermal ellipsoids drawn at the 30 
% probability level. 
probability level. 
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Scheme 20. Organometallic route to the bridged diphosphonium, and possible mechanism of 
its thermal transformation (in THF) in the presence (left) and in the absence (right) of the 
cationic rhodium complex [Rh(cod)
2
][PF6].  
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The diphosphonium cation 6 has been studied in association with either Cl
–
, PF6
–
 or TfO
– 
counterions. Single crystals of 6•[OTf]
2
 deposited from CH2Cl2/pentane were submitted to an 
X-ray diffraction analysis analysis (Figure 4). The obtained structure shows that the two 
methylene carbon atoms are now on the same side of the phenylene-(P
+
)2 plane with a 
pseudo-Cs symmetry: the six-membered diphosphonia-cyclohexene ring is boat-shaped with 
the phosphoniums at the facing tip vertices. The pseudo-C2-symmetry of the acyclic 
diphosphonium XXIII is thus schematically attributable to the van-der Waals repulsion 
between the methyl H atoms. The solid state structure also indicates that the ethylene chain of 
6 forces the cationic phosphonium centers to draw nearer to each other, through both the bond 
angle at the phenylene sp
2 
carbon atoms (C-C-P
+
 = 120.1° and 122.6°) and the trans-annular 
P
+…P+ distance (3.28 Å). The latter remains significantly shorter (by 0.4 Å) than twice the 
van-der Waals radius of P atoms (rvdW(P) ≈ 1.85 Å). In solution, the unusually shielded 
31
P 
NMR chemical shift of the 6 (+12.6 ppm, vs ca +30 ppm for XXIII, 5, 7 and 8 and similar 
alkyl-triarylphosphoniums: see Table 2), is correlated to the particularly small l2–l1 bond 
length alternation of the P
+
-C=C-P
+
 sequence (0.36 Å in 6, vs 0.40±0.01 Å in XXIII, 5, 7 and 
8: see Table 2). This reveals some specific ortho-quinodiylide character of the benzannelated 
dication 6 (P
+
-C=C-P
+ 
<--> P=C
+
-
+
C=P), which can itself be correlated to the quasi-VSEPR 
value of the C=C-P
+ 
bond angle α (ca 123° in 6, vs 115° in 5 and 128.5° in XXIII, 7 and 8: 
see Table 2).  
       c- Propan-1, 3-diyl-bridged diphosphonium (7) 
The seven-membered ring of 7 was devised for relaxing the residual electrostatic/van der 
Waals strain imposed by the six-membered ring of 6 (P
+…P+ = 3.28 Å) and drawing nearer to 
the ring strain-free reference XXIII (P
+…P+ = 3.70 Å). Thus, reaction of 1 with 1, 3-
diiodopropane in technical dioxane at 40 °C for 12 h afforded the salt 7•I2 in 92 % yield. The 
salt 7•[OTf]2 can also be prepared by methathesis of the iodide anions.
19
 The 
1
H NMR 
spectrum of 7•I2 in CDCl3 at 298 K showed two non-equivalent signals for the central CH2 
unit, thus ruling out both a C2 conformation and a rapid Cs  [C2] Cs flipping of the 
ring. Crystals of 7•I2 deposited from acetone/pentane were submitted to an X-ray diffraction 
analysis (Figure 5). Both the molecules of the asymmetric unit adopt a quasi-Cs conformation 
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with a face-to-edge relative orientation of the phenyl rings at each phosphonium center. As in 
the case of the non-cyclic diphosphonium XXIII, the wide bond angles at the phenylene 
carbon atoms (126.7-128.5°) can be attributed to an electrostatic repulsion between the facing 
P
+ 
centers and a long enough three-methylene chain length (with a trans-annular P
+…P+ 
distance of 3.64 Å). The folding of the seven-membered metallacycle of 7 is much more 
pronounced along the P
+
…P
+ 
axis (141.3-150.4°) than along the adjacent P
+
CH2…CH2P
+ 
axis (108.6-112.9°). Moreover, although the mean planes of the two facing axial P
+
-Ph rings 
are almost parallel, the 3.4 Å distance between the closest ortho carbon atoms just 
corresponds to a van der Waals contact. 
 
 
Scheme 21. Preparation of the cyclic diphosphonium 7.  
 
 
 
Fig. 5. Schematic view of the X-ray crystal structure of the quasi-Cs-symmetric 
diphosphonium moiety of the salt 7•I2 with thermal ellipsoids drawn at the 30% probability 
level, and indexation of the axial (Ph1) and equatorial (Ph2) phenyl substituents. 
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The solution structure of 7•I2 was studied by multinuclear VTP NMR analysis. At 293 K, 
the 
1
H and 
1
H {
31
P} NMR spectra of 7•I2 in acetone-d6 consisted in very broad signals 
suggesting a relatively slow interconversion of the environments of the nuclei. Lowering the 
temperature resulted in the decoalescence of aliphatic or aromatic signals in pairs of signals, 
all of them being sharply resolved at 193 K. Coalescence of the aliphatic CH
2
 signals occurs 
at slightly lower temperature (ca 253 K) than coalescence of the aromatic CH signals (ca 273 
K). They correspond respectively to the freezing of two molecular motions: rotation of the 
two pairs of equivalent phenyl groups, and up/down motion of the CH2 tip of the seven-
membered diphosphoniacycloheptene ring (Figure 5). Since the geminal protons of the central 
methylene group are not equivalent (2.57 and 3.33 ppm), the solution structure cannot be C2-
symmetric, and therefore retains the Cs-symmetry of the crystal structure. The inequivalent 
P
+
CH2 protons resonate at 4.07 and 5.44 ppm. Twelve signals are observed in the aromatic 
region, two of them at 7.83 and 8.20 ppm being easily identified as the b-CH and g-CH 
signals of the phenylene ring, respectively (Figure 5). The occurrence of ten sharp signals for 
two types of phenyl rings shows that the PPh2 units are maintained in a fixed orientation at the 
NMR time scale. Inspection of the X-ray diffraction structure suggests that the axial (Ph1) and 
equatorial (Ph2) phenyl rings possess two marked types of ortho and meta protons depending 
on their position with respect to the shielding cones of the phenylene and Ph1 rings (Ph1 and 
Ph2 being orthogonal): the deshielded ones (denoted as o, m), and the shielded ones (denoted 
as o', m'). This effect is particularly strong for the o-H and o'-H protons of the equatorial Ph2 
ring resonating as doublets at 8.90 ppm and 6.90 ppm, respectively. All the chemical shifts 
could thus be assigned to an H position of the crystal structure in accordance with the 
hybridization state of the α-carbon, the 1H-1H and 31P-1H coupling patterns (and 1H COSY-
45° correlations), and the geometrically anticipated shielding effects. Similar assignments 
could also be proposed for the 
13
C nuclei from the observed decoalescence of the 
13
C{
1
H,
31
 P} 
NMR signals at 193 K. Finally, the 
1
H assignments could be partly confirmed from the 
intensities of the correlations observed in a 
1
H{
31
P} NOESY experiment at 193 K (although 
some exchange operates during the mixing time fixed to tm = 300 ms). In particular, the axial 
and equatorial protons of the P
+
CH2 group can be tentatively assigned to 5.44 and 4.07 ppm, 
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while the axial and equatorial protons of the central CH2 group can be tentatively assigned to 
2.57 and 3.33 ppm, respectively.  
 
  
 
Fig. 6 VTP 
1
H NMR spectra of 7•I2 in acetone-d6 at 250 MHz: aromatic region (left) and 
aliphatic region (right). 
 
d- 2, 2-dimethyl-propan-1, 3-diyl-bridged diphosphonium 8 
Reaction of o-dppb 1 with one or two equivalents of neopentylene diiodide or ditosylate 
under various conditions (CH2Cl2, THF, MeCN, DMF, toluene, CH3Cl, CCl4, dimethyl ether, 
dioxane, 1,1,2,2-tetrachloroethane at room temperature or higher temperatures) failed to 
produce the targeted diphosphonium 8. Further activation of the dielectrophile was achieved 
by converting 2,2-dimethyl-propan-1,3-diol to the corresponding neopentylene bistriflate
23
 
which was then reacted with 1 in various solvents (CH2Cl2, CH3CN, CCl4,…). Surprisingly, it 
was found that the double alkylation occurred only when 1, 2-dichloroethane (DCE) was used 
as a solvent. The selectivity of the reaction is thus intrinsically poor, but the diphosphonium 8 
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could be obtained in 40 % yield, along with diphosphonium 6 in 35 % yield, resulting from 
the reaction of 1 with 1,2-dichloroethane (Scheme 21). 
 
Scheme 22. Preparation of the cyclic diphosphonium 8. 
 
 
 
Fig. 7 View of the X-ray crystal structure of 8•[OTf]2 with thermal ellipsoids drawn at the 
30% probability level. 
 
An X-ray diffraction analysis of a single crystals deposited from CH2Cl2 showed that 8, just 
as 7, adopts a quasi-Cs configuration (Figure 7). Substitution of 7 by the geminal methyl 
groups of 8, induces a flattening of the seven-membered diphosphoniacycloheptene ring by a 
10° widening the ring folding adjacent to substituted vertex (from ca 111.7 ° in 7 to ca 123.5° 
in 8), while the latter is pushed 0.1 Å away from the facing edge of the phenylene bridge. The 
most striking effect is the widening of the P
+
-CH2-CR2bond angle from ca 116.6 ° in 7 (R = 
H) to ca 123.1° in 8 (R = Me), the latter value being noticeably large for an sp
3 
disubstituted 
carbon atom. The P
+…P+ remains the same (3.64 Å), while the van der Waals contact 
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between the facing axial P
+
-Ph rings is just slightly weakened (from 3.39 Å in 7 to 3.56 Å in 
8). In acetone-d6 solution at 298 K, the 
1
H NMR signals of 8 are much sharper than those of 7 
(Figure 7). While both the CH3 and CH2 groups are initially equivalent (giving singlet and 
doublet signals, respectively), lowering the temperature resulted in a broadening of their 
signals until decoalescence at –70 °C. At –95 °C, the protons of inequivalent geminal C(CH3)2 
methyl groups resonate as singlets at 0.63 and 1.56 ppm, while inequivalent geminal CH2 
protons resonate as pseudo-triplets at 4.17 and 4.41 ppm: these inequivalences thus indicate 
that the low temperature geometry of 8 (in the strongly polar medium of acetone-d6) is not C2-
symmetric and quasi-Cs symmetric, as in the crystal state. In a parallel manner, the 
31
P NMR 
signal of 8 exhibits a slight regular drift (from +28.95 ppm at 25 °C to +29.79 ppm at -95 °C), 
accompanied by an initial broadening followed by a re-sharpening with a maximum 
broadness at –70 °C. These observations show that the conformational dynamics of the 
diphosphoniacycloheptene ring of 7 is also resolvable for the dimethyl homologue 8, albeit at 
lower temperature (at -70 °C for 8, vs 0 °C for 7). Decoalescence is also observed in the 
aromatic region, but the corresponding CH signals of 8 remain broad at -95 °C: rotation about 
the P-Ph bonds is thus less hindered in 8 than in 7 (all the aromatic CH signals of the locked 
phenyl rings of 8 were sharply resolved at -80 °C: see Figure 8).  
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Fig. 8. VTP 
31
P {
1
H} (left) and 
1
H NMR (right) NMR spectra of 8• [OTf]2 in acetone-d6. 
 
Assuming that the transition state or intermediate of the Cs Cs interconversion of 7 and 
8 is C2-symmetric, the results indicate that dimethyl-substitution of 8 stabilizes the (chiral) 
C2-symmetric geometry with respect to the Cs-symmetric equilibrium geometry. This point 
was addressed in more detail at the theoretical level (C. Lepetit). DFT calculations were thus 
carried out at the B3PW91/6-31G** level in order to compare the C2-symmetric and Cs-
symmetric conformations of 8, and gain insight into their interconversion pathway. 
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Gas phase...……….....+ 1.38                                  Gas phase…………… 0.0                
        PCM ( = 10.36)....……0.0                                                     PCM…………………………+ 0.75 
Fig. 9 Calculated structures of the dication 8 in the Cs symmetry (left) and C2 symmetry 
(right). B3PW91/6-31G** level of calculation. Relative energies in kcal/mol. 
 
In the gas phase, the conformer of 8 of C2 symmetry was found to be a minimum (NImag = 
0), thus showing that the chiral conformation is accessible. It is however calculated to be more 
stable by 1.38 kcal/mol (ZPE-corrected value: 1.65 kcal/mol; Gibbs free energy at 298.15 K: 
2.13 kcal/mol) than the conformer of Cs symmetry (Figure 9). The experimental and 
calculated structures of Cs symmetry are in very good agreement, thus validating the selected 
calculation level (Table 1). Only the calculated P-C bond lengths and the weak -stacking 
interactions of the phenyl substituents are slightly shorter in the experimental structures. The 
calculated structures of Cs and C2 symmetry are very close in energy. Although only the Cs-
symmetric conformer could be crystallized, both conformers are thus expected to be present 
in solvents of low polarity. Increasing the medium polarity to  = 10.36 in PCM calculations 
(the dielectric constant of 1,2-dichloroethane, where 8 has been experimentally prepared) 
results only in a slight stabilization of the Cs form with respect to the C2 form (Figure 10). The 
interconversion of the conformers was therefore computationally investigated in the gas phase 
first. 
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Table 1. Selected experimental (XRD) and calculated (B3PW91/6-31G**) geometrical data 
of 8.  
Structures of 8      C2–C11 C2–C3 C3–P2 P2–C9 C9–C4 Ph---Ph 
quasi-Cs (exptl.) 
crystal state 
1.534 
1.547 
1.535 1.805 1.806 1.409 3.555 
4.305 
Cs (calcd.) 
gas phase 
1.532 1.542 1.833 1.831 1.419 3.895 
4.707 
quasi-Cs (calcd.) 
solvent 
1.532 
1.543 
1.542 1.830 1.827 1.419 3.744 
4.446 
C2 (calcd.) 
gas phase 
1.539 1.547 1.836 1.830 1.418 - 
quasi-C2 (calcd.) 
solvent 
1.539 1.547 1.832 1.828 1.417 - 
Bond distances in Å (see labeling in Figure 7). 
 
A flat C2v structure can be first a priori considered as a possible transition state of the ring 
inversion of 8. At the B3PW91/6-31G** level of calculation, it happens to be a fourth-order 
saddle point (NImag = 4) located 34.7 kcal/mol higher in energy on the potential energy 
surface than the interconverting conformers of Cs symmetry (Figure 11). Although the normal 
mode corresponding to the largest imaginary frequency (176.9i cm
–1
) connects with the Cs-
symmetric conformers, the C2v structure can be ruled out as the transition state, because it is 
not a first-order saddle point (it also lies out of the range of the 9.6 kcal/mol barrier estimated 
from the NMR experiments). The normal mode corresponding to the next imaginary 
frequency (141.4i cm
–1
) connects with the more stable C2-symmetric conformers. Following 
the two soft modes (54.7i and 53.1i cm
–1
) involving mainly the rotation of the phenyl 
substituents, yields a minimum of C2 symmetry and a saddle point of Cs symmetry, 
respectively. The latter is therefore the transition state of the gas phase interconversion of the 
C2-symmetric conformers, with a barrier of 4.0 kcal/mol. 
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Fig. 10 Relative energies (kcal/mol) of stationnary points of various symmetries obtained on 
the potential energy surface, by following the vibrational modes of the fourth-order C2v-
symmetric saddle point (left), or by scanning the relaxed potential energy surface of 8 along 
the dihedral P1-C1-C2-C3 angle (right ). NImag = 0 except otherwise noted.  
 
e- Discussion. 
A series of acyclic/cyclic diphosphonium has been prepared; some of them have been 
prepared by different methods. They have been fully characterized including X-ray diffraction 
analysis. A table including X-Ray crystal data including some of their physical parameters are 
used below to analyse the structural relationships (Table 2). 
 
 
 
 
 
 
 
C2C'2
Cs
C2
C2v
TS
C's
Cs
 (NImag = 4)
0.0
1.4
4.0
10.1
36.1
25.9i cm-1
176.9i cm-1141.4i cm-1
54.7i cm-153.1i cm-1
C1 quasi-Cs
C1
1.8
3.2
TS
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 XXIII•[OTf]2
a
 5•I2
b
 6•[OTf]2
b
 7•I2
c
 8•[OTf]2
b
 
31P (CD3CN) +26.20 +32.78 +12.60 +33.12 +27.03 
l1 1.429(8) 1.402(3) 1.423(5) 1.408(5) 
1.421(5) 
1.409(5) 
l2 1.823(4) 1.792(3) 
1.798(2) 
1.781(4) 
1.784(4) 
1.820(4) 
1.820(4) 
1.814(4) 
1.812(4) 
1.809(3) 
1.805(3) 
l3 1.778(4) 1.808(2) 
1.801(2) 
1.807(4) 
1.782(4) 
1.790(4) 
1.789(4) 
1.792(4) 
1.799(4) 
1.797(3) 
1.804(3) 
l4 - - - 1.525(5) 
1.527(5) 
1.532(6) 
1.523(6) 
1.524(5) 
1.535(5) 
1 128.56(12) 115.20(18) 
111.58(18) 
122.6(3) 
120.1(3) 
128.5(3) 
127.2(3) 
126.7(3) 
128.2(3) 
127.7(2) 
128.5(2) 
2 113.71(18) 97.90(11) 
98.77(11) 
109.83(19) 
107.32(19) 
116.23(18) 
114.44(18) 
116.70(19) 
114.73(18) 
 
 
115.26(14) 
115.23(15) 
3 - 103.25(12) - 113.1(3) 
113.2(3) 
112.3(3) 
d1 3.703 2.830 3.277 3.642 
3.642 
3.639 
d2 3.856 0 1.542(6) 2.546 
2.551 
2.539 

1 
51.23 18.49 
25.30 
41.09 
31.16 
35.10 
39.07 
45.34 
27.41 
37.15 
36.95 

2 
- - 45.91 
24.62 
66.59 
63.38 
66.45 
62.32 
64.21 
62.91 
Table 2. The parameters are:  Bond distances (l1-l4, with corresponding esd values in brackets) and internuclear 
distances (d1-d3, estimated using the Mercury
® 
interface) are given in Å. Bond angles (a1-a3, with 
corresponding esd values in brackets) and dihedral angles (q1, q2 estimated using the Mercury
® 
interface) are 
given in degrees.
a
 The asymmetric unit contains a single dication of symmetry C2.
b
 The asymmetric unit 
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contains a single dication of symmetry C1.
c
 The asymmetric unit contains two dications of symmetry C1, the 
parameters of one being denoted in plain text, those of the other in italics.  
 
All the 
31
P NMR chemical shift values of the diphosphonium are in the common region of 
diphosphoniums except in the case of the diphosphonium 6. Having pseudo-C-s symmetry, 
where the two methylene carbon atoms are now in the same side of the phenylene -(Ph
+
)2  
plane. The six-membered diphosphonia cyclohexene ring resembles a boat-shape where the 
two phosphoniums are located at the facing tip vertices. From the bond angles, it is expected 
that the cyclic diphosphonium 5 is the most stressed, while the cyclic diphosphonium 7 is the 
least stressed. Furthermore, the substitution effect of the germinal methyl groups in the case 
of the diphosphonium 8 which could be described as a derivative of 7 results in decreasing the 
distance between the adjacent cationic phosphonium centers. 
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Conclusion 
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A series of five vicinal bis(alkyl-triarylphosphoniums) derived from o-bis(diphenyl-
phosphino)benzene (o-dppb) 1 is described. Each of them have been prepared by specific 
methods, and their formal electrostatic and possible van der Waals strain is compared through 
the P
+
…P
+ 
distances in the crystal state. According to X-ray diffraction analyses, while the 
conformations of the dimethyl dication is C2 symmetric, the conformation of alka-1, n-diyl-
diphosphoniums (n = 1, 2, 3) is pseudo-Cs symmetric. The solution structure of the 
dimethyldiphosphonium XXIII was studied by NMR techniques after metathesis of the 
triflate counterions with enantiomerically pure X-PHAT chiral anions (X = TRIS, BIN). [()-
BINPHAT] was indirectly shown to discriminate between the enantiomers of the 
diphosphonium, but no effective enantio-differentiation could be measured down to –70 °C in 
CD2Cl2. When associated to [(Δ)-TRISPHAT] counterions, progressive cleavage of the 
diphosphonium afforded the corresponding methyl-triphenyl-monophosphonium salt. In the 
bridged series, the diphosphoniacyclopentene dication was found to be stable in spite of the 
very short transannular P
+
…P
+ 
distance (2.83 Å). The naturally more relaxed homologous 
diphosphoniacyclohexene dication (P
+
…P
+ 
= 3.28 Å) was found to be flexible in solution, as 
indicated by the equivalence of the four protons of the bridge from 20 °C to –80 °C in 
acetone-d6. The two diphosphonia-cycloheptene dications exhibit no P
+…P+ steric 
compression (ca 3.64 Å), just as did the dimethyl dication (3.70 Å). In solution, the seven-
membered ring of the 
 
dication (R= H, Me) remains rigidly Cs 
symmetric: no interconversion of the pseudo-axial and pseudo-equatorial R groups is 
evidenced at the NMR time scale at –95 °C (coalescence at –20 °C for R = H, at –65 °C for 
R= Me). According to DFT calculations at the B3PW91/6-31G** level in 1, 2-dichloroethane 
(DCE: PCM, e = 10.36), the lowest energy conformation is indeed Cs–symmetric. However a 
quasi-isoenergetic C2–symmetric conformation which is the most stable in the gas phase is 
also found, and is thus a likely intermediate in the observed Cs Cs interconversion. This 
dication was obtained
 
by dialkylation of o-dppb with 2, 2-
dimethylpropan-1, 3-diyl bistriflate in DCE at 80 °C. The use of this solvent was the key for 
the synthesis of this dication, which was however competively produced along with some 
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 dication. The latter was also obtained by a totally different route, by 
heating a sulfinylethyl monophosphonium salt of o-dppb in the presence of the cationic 
complex [Rh(cod)2][PF6]. A mechanism for this peculiar process is proposed.  
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Experimental part 
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General remarks. 
Tetrahydrofuran, diethyl ether, were dried and distilled over sodium/benzophenone, 1, 2-
dichloroethane (DCE), dichloromethane, 1,1,2,2-tetrachloroethane (TCE), pentane, 
acetonitrile and ethanol over CaH2, toluene over sodium. All other reagents were used as 
commercially available. All reactions were carried out under argon atmosphere, always well-
dried schlenks and vacuum line. The following analytical instruments were used. 
1
H, 
13
C, 
31
P, 
and 
103
Rh NMR: Bruker ARX 250, DPX 300, or AV 500. X-Ray diffraction: Ipds STOE. 
Mass spectrometry: Quadripolar Nermag R10-10H. Elemental analysis: Perkin-Elmer 2400 
CHN (flash combustion and detection by catharometry).  NMR chemical shifts δ are in ppm, 
with positive values to high frequency relative to the tetramethylsilane reference for 
1
H and 
13
C and to H3PO4 for 
31
P. 
103Rh chemical shifts are given to a high frequency of Ξ (103Rh) = 
3.16 MHz. 
Diphosphonium 3.  
To a solution of 1,2-Bis(diphenylphosphino)benzene 1 (0.45 g, 1.0 mmol) in dry TCE 
(10.0 mL) at room temperature, was added ethyltrifluoromethanesulfonate (0.14 mL, 1.10 
mmol). The reaction mixture was stirred at 110°C for 12 hours. After evaporation of the 
solvent under vacuum, the solid product was washed with dry diethyl ether (3 x 20.0 mL). 
Then the solid product was dissolved in dry TCE (10.0 mL) and 
ethyltrifluoromethanesulfonate (2.1 mL, 15.0 mmol) was added. The reaction mixture was 
stirred at 110°C for 24 hours. After evaporation of solvent under vacuum, the solid product 
was washed by diethyl ether (3 x 20.0 mL) giving a white powder (yield: 0.43 g, 86%). 
31
P NMR (CD3CN, 25°C): = +30.6 ppm 
1
H NMR (CD3CN, 25°C):  = +1.05-1.10 (m, 6H, CH3), 2.73-2.80 (m, 4H, CH2), 7.50-7.69 
(m, 16H, Har), 7.83-7.86 (m, 4H, Har), 8.20-8.26 (m, 4H, Har). 
13
C{
1
H} NMR(CD3CN, 25°C):  = 7.2 (d, JCP = 4.5 Hz, CH3), 19.7 (d, JCP = 50.2 Hz, CH2), 
117.1 (d, JCP = 84.9 Hz, Car), 123.4 (dd, JCP = 8.2 and 81.8 Hz, Car), 129.0 (d, JCP = 7.7 Hz, 
CHar), 130.3 (d, JCP = 12.5 Hz, CHar), 133.1 (d, JCP = 18.5 Hz, CHar), 135.7 (s, CHar), 141.8 
(pseudo-t, JCP = 10.0 Hz, CHar). 
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MS (ES+): m/z: 653 [M – CF3SO3
-
]
+
. HRMS (ES
+
) calc. For C34H34O3F3P2S: 653.36; found 
653.16 [M – CF3SO3
-
]
+
. 
 
Diphosphonium 4.  
To a solution of 1, 2-bis(diphenylphosphino)benzene 1 (0.45 g, 1.0 mmol) in dry TCE 
(10.0 mL) at room temperature was added ethyltrifluoromethanesulfonate (0.16 mL, 1.1 
mmol). The reaction mixture was heated at 110°C for 12 hours. After evaporation of the 
solvent under vacuum, the solid product was washed by diethyl ether (2 x 20.0 mL). The 
white solid product is re-dissolved in TCE (10.0 mL) and methyltriflluoromethanesulfonate 
(0.12 mL, 1.05 mmol) was added. The reaction mixture is heated at 110°C for 12 hours. After 
evaporation of the solvent under vacuum, the brownish solid is washed by diethyl ether (3 x 
20.0 mL) giving a white solid (yield: 0.43 g, 88%). Mono-crystals have been obtained by 
recrystallization in THF/diethyl ether mixture at 20°C. 
31
P NMR (CD3CN, 25°C): = +26.3 (d, JPP = 6.1 Hz), +29.7 (d, JPP = 6.1 Hz). 
1
H NMR (CD3CN, 25°C):  = 1.12 (td, JHH = 7.4 and JHP = 20.6 Hz, CH3), 2.38 (d, JHP = 13.2 
Hz, 3H, CH3P), 2.94-3.00 ( m, 2H, CH2P), 7.38-7.42 (m, 4H, Har), 7.55-7.69 (m, 12H, Har), 
7.82-7.95 (m, 5H, Har), 8.06-8.14 (m, 1H, Har), 8.18-8.22 (m, 1H, Har), 8.27-8.33 (m, 1H, Har). 
13
C{
1
H} NMR (CD3CN, 25°C): = 7.0 d, JCP = 5.5 Hz, CH311.6 d, JCP = 55.9 Hz, CH3P), 
20.5 (d, JCP = 51.7 Hz, CH2P), 116.7 (d, JCP = 83.9 Hz, Car), 118.9 (d, JCP= 89.3 Hz, Car), 
122.7 (dd, JCP = 8.7 and 82.0 Hz, Car), 124.0 (dd, JCP = 7.9 and 83.3 Hz, Car), 130.6 (d, JCP = 
13.3, CHar), 130.8 (d, JCP= 12.7 Hz, CHar), 133.2 (d, JCP = 10.8 Hz, CHar), 133.4-133.6 (m, 
CHar), 134.0 (d, JCP = 10.0 Hz, CHar), 135.6-136.0 (m, CHar), 135.7 (d, JCP = 3.1 Hz, CHar), 
136.0 (d, JCP = 2.7 Hz, CHar), 141.5 (pseudo-t, JCP = 10.0 Hz, CHar), 142.2 (pseudo-t, JCP = 
10.6 Hz, CHar), 142.8 (dd, JCP = 11.5 and 11.6 Hz, CHar). 
 
Methylene-bridged diphosphonium 5 
To a solution of 1, 2-bis(diphenylphosphino)benzene I (0.20 g, 0.45 mmol) in dry 
toluene (10 mL), was added diiodomethane (0.058 mL, 0.72 mmol) at room temperature. The 
reaction mixture was heated for 48 h at 100 °C. After separation, the solid residue was washed 
Chapter 2 : Vicinal diphosphoniums 
 
55 
 
by diethylether (15 mL) giving a pale-yellow solid (yield: 0.30 g, 96 %). The solid was 
dissolved in dry ethanol at 50 °C and the solution was cooled down to room temperature 
affording pale yellow crystals (Dec.p. 201-203 °C). 
31
P NMR (TFA/CDCl3 (10 %), 25 °C):  = + 33.05 ppm 
1
H NMR (TFA/CDCl3 (10 %), 25 °C):  = 5.38 (t, JHP = 11.7, 2H, CH2), 7.71-7.75 (m, 8H, 
Har), 7.84-7.94 (m, 12H, Har), 8.35 (m, 2H, Har), 8.47 (m, 2H, Har) ppm. 
13
C {
1
H} NMR (TFA/CDCl3 (10 %), 25 °C):  = 23.3 (t, JCP = 46.8, CH2), 113.5 (d, JCP = 
89.8, Car), 127.7 (dd, JCP = 13.2 and 91.1, Car), 131.0 (m, CHar), 133.8 (m, CHar), 135.1 (t, JCP 
= 10.1, CHar), 137.2 (s, CHar), 138.5 (m, CHar) ppm.  
 MS (Maldi): m/z = 459 [M – HI – I–]+.  
 
Ethandiyl-bridged diphosphonium 6. 
1, 2-bis (diphenylphosphino)benzene I (0.35 g, 0.78 mmol) was dissolved in dry 1,2-
dichloroethane (6.0 mL), and heated at 80 °C for 12 h. After evaporation of the solvent under 
vacuum, the solid residue was washed by diethylether (2 x 20 mL) affording a white powder 
(yield: 0.35 g, 91 %). Note that 4.[OTf]2 has been obtained as a by-product (35 %) during the 
preparation of diphosphonium 6.[OTf]2. Suitable white crystals of 4.[OTf]2 have been 
obtained by recrystallization in CH2Cl2/pentane at 0 °C (m.p. 61-63 °C). 
31
P {
1
H} NMR (CD3CN, 25 °C):  = + 12.56 ppm.  
1
H NMR (CD3CN, 25 °C):  = 3.82 (pseudo d, JHP = 6.9, 4H, CH2), 7.68-7.74 (m, 16H, Har), 
7.90-7.94 (m, 6H, Har), 8.16-8.18 (m, 2H, Har) ppm.  
13
C{
1
H} NMR (CD3CN, 25 °C):  = 16.3 (five-line signal becoming a singlet on {
31
P} 
decoupling, CH2P), 115.7 (dd, JPC = 97.5 and 8.8, Car), 121.0 (q, JCF = 320.8, CF3SO3
-
), 122.9 
(dd, JPC = 96.8 and 4.4, Car), 130.7 (t, JPC = 6.9, CHar), 134.2 (t, JPC = 5.7, CHar), 136.3 (s, 
CHar), 136.7 (t, JPC = 4.4, CHar), 138.1 (t, JPC = 8.5, CHar) ppm.  
MS (ES
+
): m/z: 623 [M
 – CF3SO3
–
]
+
. HRMS (ES
+
) calcd for C33H28O3F3P2S: 623.1187; found 
623.1204 [M – CF3SO3
–
]
+
. 
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Propan-1, 3-diyl-bridged diphosphonium 7 
To a solution of 1,2-bis(diphenylphosphino)benzene 1 (0.30 g, 0.67 mmol) in 
technical dioxane (8.0 mL), was added 1,3-diiodopropane (0.21 g, 0.71 mmol). The reaction 
mixture was stirred for 12 h at 40 °C. After evaporation of the solvent under vacuum, the 
solid residue was washed by diethylether (2 x 20 mL) giving a white powder (yield: 0.30 g, 92 
%). Suitable white crystals have been obtained by recrystallization in acetone/pentane at 0 °C 
(m.p. 217-219 °C). 
31
P NMR (CD3CN, 25 °C):  = + 33.12 ppm 
1
H NMR (CD3CN, 25°C):  = 2.81 (broad tt, JHP = 28.9, JHH = 5.7, 2H, CH2), 4.32 (broad s, 
4H, CH2P), 7.56 - 7.64 (m, 16H, Har), 7.68 - 7.74 (m, 2H, Har), 7.77 - 7.81 (m, 4H, Har), 8.01 - 
8.03 (m, 2H, Har) ppm. 
13
C {
1
H} NMR (CD3CN, 25°C):  = 16.7 (t, JCP = 6.6, CH2), 23.0 (d, JCP = 47.2, CH2P), 
116.8 (d, JCP = 69.9, Car), 124.8 (dd, JCP = 80.8 and 11.4, Car), 130.5 (d, JCP = 13.0, CHar), 
133.8 (d, JCP = 10.5, CHar), 135.3 (dd, JCP = 11.5 and 2.8, CHar), 135.7 (d, JCP = 3.0, CHar), 
140.8 (t, JCP = 10.5, CHar) ppm. 
 MS (ES
+
): m/z = 615 [M
 – I–]+. HRMS (ES+) calcd for C33H30P2I 615.0868; found: 615.0875 
[M – I–]. 
 
Synthesis of 7.[OTf]2.  
Diphosphonium 7.I2 (1.50 g, 2.0 mmol) and sodium triflate (0.69 g, 4.0 mmol) were 
stirred in dichloromethane (40 mL) at room temperature for 6 h. After addition of water (20 
ml), the organic phase was separated and dried over MgSO4. After evaporation of the solvent, 
and washing with Et2O (30 mL), 7.[OTf]2  was recrystallized in CH2Cl2 and obtained as a pale 
yellow solid. ( yield: 1.43 g, 90 %, m.p. 151-153°C). 
31
P NMR (CD3CN, 25 °C):  = + 32.83 ppm.  
1
H NMR (CD3CN, 25 °C):  = 2.75 (broad t, JHP = 27.7, 2H, CH2), 3.73 (broad s, 4H, CH2), 
7.42-7.50 (m, 8H, Har), 7.59 - 7.85 (m, 14H, Har), 8.01- 8.07 (m, 2H, Har) ppm. 
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13
C {
1
H} NMR (CD3CN, 25 °C):  = 16.6 (t, JCP = 6.3, CH2), 23.8 (d, JCP = 47.4, CH2P), 
116.7 (d, JCP = 79.9, Car), 121.1 (q, JCF = 320.1, CF3SO3
-
), 124.6 (dd, JCP = 80.5 and 11.3, 
Car), 130.6 (d, JCP = 12.6, CHar), 133.7 (d, JCP = 10.7, CHar), 135.4 (dd, JCP = 11.3 and 2.5, 
CHar), 135.8 (d, JCP = 3.1, CHar), 140.9 (t, JCP = 10.7, CHar) ppm.  
MS (ES
+
): m/z = 637 [M
 – CF3SO3
–
]
+
. HRMS (ES
+
) calcd. for C34H30P2O3F3S 637.1343; 
found: 637.1375 [M – CF3SO3
–
]
+ 
 
Synthesis of 8.[OTf]2.  
To a solution of 1,2-bis(diphenylphosphino)benzene 1 (0.80 g, 1.79 mmol) in dry 1,2-
dichloroethane (4.0 mL) at room temperature, was added a solution of neopentylene bistriflate 
(1.39 g, 3.76 mmol) in dry 1,2-dichloroethane (4.0 mL). The reaction mixture was then heated 
at 80 °C for 16 hours. After evaporation of the solvent under vacuum, the solid residue was 
washed by diethyl ether (2 x 30 ml). The desired product was recrystallized in 
acetone/diethylether at –20 °C to give a pale-yellow powder (yield: 0.29 g, 40 %). Suitable 
white crystals have been obtained by slow-evaporation in dichloromethane (m.p. 147-149 °C).  
31
P{
1
H} NMR (CD3CN, 25°C):  = 27.03.  
1
H NMR (CD3CN, 25 °C):  = 1.09 (s, 6H, CH3), 3.73 (d, JHP = 14.1, 4H, CH2P), 7.63 - 7.78 
(m, 18H, Har), 7.89 - 7.92 (m, 4H, Har), 8.02-8.04 (m, 2H, Har) ppm.  
13
C{
1
H} NMR (CD3CN, 25 °C): = 32.2 (t, JPC = 10.0, CH3), 35.0 (t, JPC = 5.8, C), 37.0 (d, 
JPC = 43.5, CH2), 118.3 (d, JPC = 86.8, Car), 121.0 (q, JCF = 320.8, CF3SO3
–
), 124.6 (dd, JPC = 
10.1 and 81.1, Car), 130.5 (d, JPC = 13.2, CHar), 134.2 (d, JPC = 10.7, CHar), 135.7 (m, CHar), 
135.9 (s, CHar), 141.0 (t, JPC = 10.1, CHar) ppm.  
MS (ES
+
): m/z = 665 [M
 – CF3SO3
–
]
+
. HRMS (ES
+
) calcd. for C36H34O3F3P2S 665.1656; 
found 665.1680 [M – CF3SO3
–
]
+
. 
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III. 1. Introduction 
In a primary description, ylides can be represented as -zwitterionic species where a positively 
charged heteroatom X with an octet electron count (such as P, S, N) is covalently bonded to a 
carbanionic center. In this category, phosphonium ylides A possessing an easily pyramidalized 
carbanion stabilized by an adjacent tetrahedral phosphonium center (Scheme 1), received a long-
standing attention not only in the field of organic synthesis, but also of fundamental coordination 
chemistry. Beyond their ubiquitous role in Wittig-type olefination of carbonyl compounds, 
phosphonium ylides are indeed intriguing stable electron-rich C-sp
3
 carbyl ligands of transition 
metals. They are today attracting a renewed interest from the standpoints of stereochemistry and 
catalysis.
1
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P C P
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Scheme 1. Typology of acyclic and cyclic phosphonium bis-ylides. 
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Depending on the charge delocalization exerted by the substituents, ylides are classified in three 
families constituted by the non-stabilized, the semi-stabilized and the stabilized versions (Scheme 2).  
 
P C
Alk
P C
Ar
P C
C
non-stabilized semi-stabilized stabilized
O
P C
C
O
 
Scheme 2. Classification of phosphonium ylides depending on the nature of the substituents. 
 
Due to their intrinsic stability and their ambidentate character (C- vs O- or N-coordinating mode), 
complexes of -stabilized phosphonium ylide ligands have been naturally more exemplified. 
Ideally C2-symmetric chelating ligands provide their complexes with particular kinetic stability 
(entropic factor) and stereochemical control (cis vs trans). Along the same lines as those governing 
the design of numerous diphosphines, diphosphonium bis-ylides deserve a particular typology. Three 
types of neutral bis-ylides can thus be distinguished (Scheme 1): the -type 1-3, the -type A1-A3 
and the fused type F1-F3. The ionic forms I0-I3 of the respective types F0-F3, in particular yldiides I0 
and diylides I2, should also be mentioned. Each type gathers three forms depending on the 
regiochemistry of the coupling between two ylide units F0, consisting each in a carbanionic head and 
a phosphonium tail: head-to-head, tail-to-tail or head-to-tail. 
Among general -bis-ylides, the head-to-head form  is exemplified by -bis-ylides involving 
various bridging moieties (X: CO, PR, PR2
+
, PYZ, P
+
).
2
 When X = CO or when the ylides moieties 
are independently stabilized, the ambidentate abilities of such ligands are greatly enhanced. Several 
bis-ylide ligands of the tail-to-tail form  (X: (CH2)n, RPPR,…) are also known, including -
representatives (X = RP).
3
 
Fused bis-ylides are represented by their head-to-head (C-fused) form F1, corresponding to the 
carbodiphosphoranes.
4
 These species contain two cumulated ylide functions, with a formally divalent 
central carbon atom with two negative charges stabilized by two phosphonio groups. The presence of 
two electron pairs at the central carbon atom induces both a bent structure and a very strong 
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nucleophilicity. Carbodiphosphoranes can be regarded as neutral stabilized yldiides of type I0, where 
a generic C-substituent is replaced by a phosphonium group.
5
 Due to their strong nucleophilicity, 
carbodiphosphoranes are poorly exemplified and undergo easy protonation or alkylation to the 
corresponding -diphosphonium monoylides of type I1.  
Tail-to-tail (P-fused) bis-ylides of the F2 type, first exemplified by Appel et al. in 1982, 
correspond to 35-bis-(methylene)phosphorane derivatives.6 According to Schoeller’s theoretical 
studies, these polarized -systems, isoelectronic to allyl anions, possess a weakly pyramidalized 
phosphorus atom.
7
 Their structural and reactivity features are however basically similar to those of 
yldiides I0. Ionic P-alkylated versions of bis-ylides F2 are the so-called diylides I2, acting as stable 
ligands in transition metal complexes 
8
 possibly serving as catalyst precursors.
8b
 The head-to-tail 
form F3, with a neutral sp
3
-C or -P center, is only a formal bis-ylide, i.e. a ß-zwitterionic form where 
the ylidic character is no longer apparent.  
In the -bis-ylides series, the head-to-head (A1) and tail-to-tail (A2) forms exhibt strong C
–
/C
–
 and 
P
+
/P
+
 electrostatic strain, respectively (Scheme 1). Head-to-head representatives A1 may behave as 
genuine carbene transfer reagents upon coordination: cleavage of a P=C bond lead to an ylido-
carbene and a phosphino group anchoring to the metal center.
9
 The tail-to-tail form A2 was first 
exemplified by Karsch et al. in 1988.
10
 In these species, both the repulsion of the adjacent cationic 
phosphorus atoms and the steric bulk of the carbanionic substituents (Me3Si) may explain the 
observed length of the P
+–P+ bond (2.278(1) Å), even longer than the P–P bond between five-
coordinate P atoms in a bis-phosphorane (2.264(2) Å). To the best of our knowledge, the sole 
example of fully characterized head-to-tail -bis-ylide form A3, with a triple charge alternance 
(Scheme 1), has been reported by Schmidbaur et al. in 1980.
11
 
In contrast to acyclic diphosphonium bis-ylides (Scheme 1), their cyclic versions have attracted 
less attention.
12
 The case of cyclic head-to-head -, - and fused bis-ylide types (B1c, A1c, F1c, 
respectively) is hereafter systematically addressed (Scheme 3). The corresponding diphosphonium 
precursors based on the rigid, cis-spacing, insulating 1,2-phenylene bridge have been described in the 
previous chapter.
13
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Scheme 3. Cyclic head-to-head -, - and fused bis-ylides on the o-phenylene framework. 
 
III. 2. Preparation of different cyclic diphosphonium bis-ylides. 
1- Non-stabilized head-to-head fused bis-ylides of cyclic diphosphoniums 
The diphosphonium 5.Br2 was first obtained by Schmidbaur et al in 61 % yield by refluxing o-
bis(diphenylphosphino)benzene (o-dppb) and dibromomethane in toluene over 10 days.
14
 We 
recently reported that replacing CH2Br2 by CH2I2 allowed for the isolation of the analogous 
diphosphonium 5.I2 in 96 % yield over 2 days only (see chapter II, Ref. [20]). A rapid H/D exchange 
of the methylene protons was observed in the 
1
H NMR spectrum of 5.I2 in acidic deuterated 
solvents : the acidity of these protons (1H(P+CH2P
+
) = +5.38 ppm, t, 
2
JPH = 11.7 Hz) suggests the 
possible existence of the di-conjugated base, namely the cyclic carbodiphosphorane XXVI. And 
indeed according to Schmidbaur’s results, treatement of 5.Br2 with an ylide base (Et3P=CHMe) in 
THF at –78°C led to the formation of the expected cyclic C-fused bis-ylide XXVI (Scheme 4).14  
 
 
Scheme 4. Deprotonation of the cyclic diphosphonium 5. 
 
This carbodiphosphorane was identified by 
31
P and 
1
H NMR spectroscopy at –30°C, and by the 
regeneration of the starting diphosphonium 5.Br2 upon quenching with one equivalent of HBr. The  
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thermal unstability of XXVI is naturally explained by steric and electronic factors; the acute PCP 
angle in the five membered ring (ca 108°) indeed enforces the sp
3
 (vs sp) character of the central C 
atom, thus increasing the weight of the doubly zwitterionic resonance form, and finally a 
destabilizing charge separation. 
 
2- Non-stabilized head-to-head -bis-ylides of cyclic diphosphoniums 
Elongation of the aliphatic carbon chain between the ylidic carbons and electron delocalization 
over two carbon atoms instead of one, should result in both steric and electronic relaxation. 
Following this principle, we have recently shown that addition of two equivalents of n-butyllithium 
in THF at low temperature to the less strained diphosphonium 7.TfO2 afforded the corresponding 
cyclic head-to-head -bis-ylide 9 (Scheme 5) .15 
The structure of 9 was unambiguously established by multi-nuclear NMR spectroscopy, and in 
particular by the presence of a unique 
31
P signal at +24.4 ppm, which confirmed the onio character 
and the equivalence of the two phosphorus atoms. In the 
1
H and 
13
C NMR spectra, the simultaneous 
presence of a triplet of triplets at H = +0.59 ppm (JHP = 26.8, JHH = 3.3 Hz) and of a triplet at C = 
+21.9 ppm (JCP = 4.4 Hz) was assigned to the bridging methylene group of 9. In spite of its strong 
internal charge repulsion and its low stability (t1/2 ≈ 45 min. at +20°C), the -bis-ylide 9 is stable 
enough to undergo selective transformations. Further bridge shortening from  to  was thus the next 
challenge.  
However, it’s interesting to note that this bis-ylide acts as a strongly donating C,C-chelating ligand 
of Rh(I) centers affording the complex 10 (Scheme 5).
15 
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Scheme 5. Deprotonation of the cyclic diphosphonium 8 and its complexation reaction affording 10. 
 
The structure of 10 was further confirmed by ESI mass spectrometry (m/z = 645 [M]
+
), but all 
attempts to grow high quality single crystals were unsuccessful. Facing this difficulty, DFT 
calculations of complex 10 were undertaken at the B3PW91/6-31G**/LANL2DZ*(Rh) level by 
Christine Lepetit (Figure 1).  
 
 
Figure 1. Optimized geometry of complex 10 (the most stable conformer) (right) at the B3PW91/6-
31G**/LANL2DZ*(Rh) level of calculation. 
 
For the bis-ylide complex 10, two minima of 6.4 kcal/mol relative energy were actually obtained 
on the potential energy surface of Cs symmetry. Both minima display a slighty distorted square-
planar arrangement at the Rh(I) center, but they differ in the conformation of the seven-membered 
rhodacycle, which is envelope-shaped in the less stable isomer, and boat-shaped in the most stable 
one. Note that a similar bis-ylide 11 with two methyl substituents has been generated from the related  
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diphosphonium 8 (Scheme 6). All attempts at complexation of 8 to transition metal centers were 
however  unsuccessfull. 
 
 
Scheme 6. Deprotonation of the cyclic diphosphonium 8. 
 
In the acyclic series, the analogous diphosphonium diylide complex XXXIII was targeted, but all 
attempts based on a one-pot three-step procedure from diphosphonium XXIII failed. This can be 
attributed to the impossibility to generate the bis-ylide XXX from XXIII, which inevitably lead to 
the formation of the carbodiphosphorane XXXII (Scheme 7). 
 
 
Scheme 7. Synthesis of the carbodiphosphorane XXXII via the transient ylidophosphorane XXXI. 
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 Multi-nuclear NMR monitoring indeed showed that addition of two equivalents of n-butyllithium 
at –78°C to solution of XXIII in THF-d8 resulted in the immediate formation of a cyclic five-
membered ylide XXXI as a mixture of two stereoisomers (95/5). This ylidophosphorane XXXI 
results from the internal attack of the initially formed monoylide of 8 to the adjacent phosphonium 
moiety. 
The fascinating structure of XXXI was first assigned on the basis of its 
31
P NMR chemical shifts 
(P = –2.2 and –100.0 ppm; JPP = 60.8 Hz) which are indeed indicative of a P
V
CP
V
 sequence. The CH 
ylide functionality was confirmed by 
1
H and 
13
C NMR spectroscopy (CH = +0.64 ppm, dd, JHP+ = 
22.3, JHP(V) = 13.4 Hz; CH = +15.1 ppm, dd, JCP+= 112.7, JCP(V) = 163.6 Hz). The presence of two 
stereoisomers of XXXI is explained by its trigonal bipyramidal geometry at one phosphorus atom, 
the methyl substituent being located in either axial or equatorial position. Pursuing the VTP NMR 
monitoring by warming up the THF-d
8
 solution to –10°C, the cyclic ylidophosphorane XXXI was 
shown to slowly (t1/2 ≈ 12 h), but quantitatively rearrange into carbodiphosphorane XXXII (Scheme 
7). 
 
3- Non-stabilized head-to-head -bis-ylides of cyclic diphosphoniums 
The cyclic o-phenylene-diphosphonium 6 with two carbon atoms in the aliphatic bridge, is easily 
prepared by reaction of o-dppb with 1,2-dichloro-ethane (see Chapter II).
13
 The corresponding head-
to head -bis-ylide 12 was targeted by deprotonation of 6 with two equivalents of n-butyllithium in 
THF at –78°C. The 31P NMR spectrum indicated the disappearance of 6 (31P = +12.6 ppm) and the 
presence of a much more shielded new signal at 31P = –13.9 ppm, which was attributed to o-dppb 1 
(Scheme 8).  
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Scheme 8. Deprotonation of the cyclic diphosphonium 6. 
 
Multi-nuclear NMR monitoring in THF-d
8 
at –78°C showed  the immediate appearance of the o-
dppb signal, along with a 
1
H signal attributable to acetylene 15, and this even when only a catalytic 
amount of n-butyllithium was added. Considering the chemical existence of the more strained fused 
bis-ylide 12 with two geminal negative charges, the non-detection of the expected bis-ylide (even at 
low temperatures) can be explained by electronic factors, in particular by the enhanced repulsion 
between the two vicinal negative charges: instantaneous fragmentation results in a neutral o-dppb 
molecule and a formal -bis-carbene H–C(:)–C(:)–H in resonance with acetylene (Scheme 8). 
Phosphonium ylides are indeed recognized as phosphino-carbenoïd species.
12
 
This valence-isomerization scenario is supported by the calculation of a strongly exothermic 
dissociation energy (12 –> o-dppb + acetylene: G(298 K) = –21.2 kcal/mol) at the B3PW91/6-
31G** level (Scheme 9, Table 1).  
Upon substitution of one of the ylidic carbon atoms of 12 by an ester group (CO2Et or CO2Me), 
the calculated dissociation energy remains exothermic (G(298 K) = –8.6 kcal/mol), and it becomes 
slightly endothermic upon substitution of both ylidic carbons. The stability of such -bis-ylides 
however cancels if the alkoxycarbonyl groups are replaced by benzoyl groups (Table 1). These trends 
are in agreement with the relative « stabilized » character of the corresponding mono-ylides in 
general.  
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Scheme 9. Fragmentation of cyclic head-to-head o-phenylene-diphosphonium -bis-ylides, R1, R2 = 
H (6), CO2Me, CO2Et (14) (see calculated data in Table 1). 
 
 R
1
 = R
2
 = H R
1
 = H, R
2
 = CO2Me R
1
 = R
2
 = CO2Et R
1
 = R
2
 = CO2Me R
1
 = R
2
 = COPh 
H (0 K) –6.93 8.53 22.02 22.89 20.25 
HZPE (0 K)
a
 –9.47 6.14 19.39 20.14 17.56 
G (298.15 K) –21.19 –8.60 2.00 2.60 –0.67 
Table 1. Dissociation energies (in kcal/mol) of cyclic head-to-head -bis-ylides into the 
corresponding diphosphine (o-dppb) and acetylene derivatives (Scheme 8), calculated at the 
B3PW91/6-31G** level. [1] 
a
 Zero-point energy corrected values. 
 
4- Stabilized head-to-head -bis-ylides of cyclic diphosphoniums 
Preparation of head-to-head -stabilized -bis-ylides was envisaged through the reverse reaction 
of their fragmentation depicted in Scheme 9. Preparation of the corresponding diphosphonium 
precursors by adaptation of the previously used method,
13
 is indeed a priori tricky, and calculations 
suggest that the transformation is a priori not thermodynamically forbidden (see Table 1). Moreover, 
arylphosphines are known to react with activated unsaturated substrates such as simple acetylenic 
Michael acceptors.
9
 The envisioned process thus consists in a more or less concerted [2+1+1] 
cycloadition. 
 
4.1- Ester group-stabilized head-to-head -bis-ylides of cyclic diphosphoniums 
As anticipated above, addition of one equivalent of diethyl acetylenedicarboxylate (DEAD) to o-
dppb in toluene gave, after 10 min. at room temperature, nearly quantitative yield of the targeted bis-
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ylide 15 as an apparent 70/30 mixture of two stereoisomers (Scheme 10). The occurrence of these 
isomers likely results from a restricted rotation about the exocyclic C–CO2Et bonds. Strong 
delocalization of ylidic electron pairs is indeed classicaly observed in -stabilized phosphonium 
ylides. According to this interpretation, the three Z/Z, E/E and Z/E stereoisomers could however be 
expected.  
 
 
Scheme 10. Synthetic approach to -stabilized diphosphonium -bis-ylides 15 from o-dppb. 
 
The structure of 15 in CD3CN solution was first assigned on the basis of the observed 
31
P NMR 
chemical shifts of two broad singlets at P = +0.52 and +2.21 ppm, which are in the typical range for 
-stabilized phosphonium ylides. The structure of 15 was then confirmed by 1H and 13C NMR 
spectroscopy and by mass spectrometry (Electron Spray [MH]
+
 : 617.2). 
A variable temperature 
31
P NMR experiment indicated a reversible coalescence of the two broad 
signals at +60°C corresponding to an activation barrier of ca. 15 kcal/mol, thus demonstrating the 
dynamic behavior of the different isomers of 15.  
By decreasing the temperature to 0°C, decoalescence in four broad singlets was observed, two of 
them having the same integral. These signals can thus be globally assigned to the expected three 
stereoisomers of bis-ylide 15 in a 41 / 22 / 37 ratio with respective chemical shifts Pa = +0.36 and 
Pa’ = +2.40 ppm / Pb = +0.60 ppm / Pc = +2.23 ppm (Figure 2). Due to dissymmetry, the Z/E 
isomer exhibits two non-equivalent phosphorus atoms and is therefore assigned to the set of the Pa 
and Pa’ signals. In contrast, the symmetric Z/Z and E/E isomers exhibit only one type of phosphorus 
atoms and are globally assigned to the Pb and Pc signals. Considering both attractive P
+
/C
–
 and 
repulsive O
–
/O
–
 electrostatic interactions, the E/E isomer is expected to be more stable than the Z/Z  
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isomer: the major signal at Pc = +2.23 ppm (37 %) is therefore tentatively assigned to the E/E 
configuration, while the minor signal at Pb = +0.60 ppm (22 %) would correspond to the Z/Z 
configuration. 
 
 
Figure 2. Variable temperature 
31
P NMR spectra of the bis-ylide 15 in CD3CN at 202.53 MHz. For 
assignement, see text. 
 
The structure of the three stereoisomers of bis-ylide 15 has been investigated at the B3PW91/6-
31G** level of calculation. A crude conformational analysis of the CO2Me-substituted bis-ylide 
model allowed to rule out Cs-symmetric conformers with planar or boat conformations of the 
aliphatic ring: these conformers are indeed more than 10 kcal/mol higher in energy than C2-
symmetric conformers with a twisted aliphatic ring. Conformational analysis of the bis-ylide 15 itself 
restricted to C2 symmetry yielded several equilibrium structures of quasi-degenerate energies. As 
anticipated experimentally, the three most stable conformers rank in the energetic order: Z/E < E/E <  
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Z/Z (Table 2). This confirms the assignement empirically proposed on the basis of elementary 
electrostatic considerations (see above): Z/Z isomer at Pb = +0.60 ppm (22 %); E/E isomer atPc 
= +2.23 ppm (37 %). 
The 
31
P NMR chemical shifts of the three stereoisomers of 15 have been calculated at the 
B3PW91/6-31+G** level (Table 2). The chemical shift values obtained for the inequivalent 
phosphorus atoms of the E/E isomer in its frozen optimized C1-symmetry have been averaged to 
regenerate the apparent symmetry due their respective fluxionality at the NMR time scale. The 
calculated 
31
P NMR chemical shifts are systematically more shielded than the experimental values. 
However, although the extreme chemical shifts calculated for the Z/E isomer (–11.9 and 3.9 ppm) are 
also the extreme chemical shifts observed for the same isomer (0.36 and 2.40 ppm), the rigid 
approximation is not sufficient for reproducing the relative experimental values with further 
accuracy. This is explained by the narrow range of chemical shifts observed in all the three isomers 
(∆ = 2.40-0.36 ≈ 2 ppm). Calculations of 31P NMR chemical shifts of strained polar bis-ylides appear 
therefore less straightforward than those of related diphosphoniums.
13 
 
 
 
 
 
 
 
Geometry 
 
 
Z/E 
 
E/E 
 
Z/Z 
 
Symmetry 
 
 
C1 
 
C1 
 
C2 
Relative 
energy 
(kcal/mol) 
 
0.0 
 
0.28  
 
0.57 
 
Calcd. 
31
P 
(ppm)a 
 
–11.9  
3.9  
 
–8.57 
[(–16.8 + 0.33)/2] 
 
–7.54  
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Exptl.
 31
P 
(ppm) 
 
 
0.36 
2.40 
 
2.23 
 
0.60 
Table 2. Calculated structures of the three stereoisomers of the head-to-head -bis-ylide 15 
(B3PW91/6-31G**).
a
 
31
P NMR chemical shifts calculated at the B3PW91/6-31+G** level. For the 
E/E isomer, the given value is the mean of the calculated chemical shifts [in square brackets] for the 
frozen optimized C1-symmetric structure. 
 
4.2- Keto group-stabilized head-to-head -bis-ylides of cyclic diphosphoniums. 
The procedure employed with the DEAD substrate was applied with another electron-poor 
symmetric alkyne, the 1,4-diphenylbut-2-yne-1,4-dione prepared following the protocol shown in 
scheme 11.
17
  
 
Scheme 11. Preparation of the the 1,4-diphenylbut-2-yne-1,4-dione 14. 
 
Reaction of this diketone with o-dppb in toluene at room temperature over 10 min thus afforded 
the corresponding cyclic -bis-ylide 16 in nearly quantitative yield (Scheme 12).  
 
Scheme 12. Synthetic approach of -stabilized diphosphonium -bis-ylides 16 from o-dppb. 
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The bis-ylide 16 was obtained as a single stereoisomer as indicated by the observation of a unique 
31
P NMR signal at P = –0.08 ppm. A variable temperature 
31
P NMR experiment (–40°C --> +50°C) 
did not indicate any significant change, except a slight sharpening of the signal at low temperatures.  
 
Figure 3. Variable temperature 
31
P NMR spectrum of the bis-ylide 16 in CD3CN at 202.53 MHz.  
 
This can be explained by a higher rigidity of the structure of the diketo-bis-ylide 16 as compared  
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to that of the bis(ethoxycarbonyl) bis-ylide 15. On the basis of empirical steric and electrostatic 
considerations, the configuration of the observed stereoisomer of 15 is assigned to Z/Z, with two cis-
Ph2P
+–C=C–O– stereogenic units. 
The structure of the three stereoisomers of bis-ylide 16 has been calculated at the B3PW91/6-
31G** level. In contrast to the bis-ylide 15, but in agreement with the above-proposed assignment, 
the Z/Z stereoisomer of C2 symmetry is found much more stable than the Z/E and E/E isomers lying 
4.95 and 10.5 kcal/mol higher in energy, respectively (Fig. 4). The calculated 
31
P NMR chemical 
shift of 16 (+6.6 ppm at the B3PW91/6-31+G** level) is quite shielded for a P(V) nucleus, in 
qualitative agreement with the experimental value (–0.1ppm). 
 
 
Figure 4. Calculated structure of the Z/Z stereoisomer of the -bis-ylide 16 (B3PW91/6-31G**).  
 
III. 3. Reactivity of the cyclic diphosphonium bis-ylide 15. 
As it was not possible to obtain cyclic diphosphoniums with electron-withdrawing groups at the 
two carbon positions from o-dppb and a suitable dielectrophile, their preparation was then envisaged 
from the readily available bis-ylide 15. 
Addition of one equivalent of trifluoromethanesulfonic acid to the bis-ylide 15 in CH2Cl2 at room 
temperature afforded the monophosphonium 17a,b as a mixture (60/40) of two stereoisomers in 96% 
yield (Scheme 13). The 
31
P NMR spectrum of 17a,b indicated the presence of two AB systems 
resonating respectively at P = + 4.2 and + 14.7 ppm, JPP = 18.2 Hz and P = + 5.5 and + 15.5 ppm,  
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JPP = 16.2 Hz, with the most shielded doublet assigned in both cases to the ylidic phosphorus atom. 
As previously observed for the bis-ylide 15, the restricted rotation about the exocyclic C-C bond due 
to the delocalization of the ylidic lone pair can explain the existence of two stereoisomers of 17 (Z 
and E). The exact structure was finally determined by X-ray diffraction analysis of white crystals of 
17a,b deposited from a THF/Et2O mixture (Scheme 13, Figure 5). 
 
 
Figure. 5 ORTEP view of the X-ray crystal structure of the monophosphonium 17a,b with thermal 
ellipsoids drawn at the 30% probability level (for clarity, the triflate anion and H atoms are omitted). 
Selected bond distances (Å) and angles (deg). P1-C1 1.8166(13), P2-C2 1.7219(13), C2-C12 
1.4256(18), C12-O3 1.2245(17), C12-O4 1.3696(16), C1-C2 1.5094(17), P2-C2-C12 119.74(9), C1-
C2-C12 116.43(11), P1-C1-C9 111.28(9). 
 
The X-ray diffraction analysis indicates a Z configuration with the values of the two P-C bonds 
(P2-C2 1.7219(13); P1-C1 1.8166(13) Å) in good agreement with the presence respectively of a 
phosphoniun ylide and a phosphonium moieties. The lengthening of the P2-C2 and the shortening of 
the C2-C12 bond (1.4256(18) Å) by comparison to a P-C bond of a nonstabilized ylide (1.69 Å) and 
a single C-C bond (1.54 Å) confirm the strong delocalization of the ylidic lone pairs into the 
exocyclic ester group. The values of the P2-C2-C12 (119.74(9)°) and C1-C2-C12 (116.43(11)°) 
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angles indicating a quasi planar environement around the C2 carbon atom correspond to a -
stabilized phosphonium ylide. 
 
Addition of a second equivalent of trifluoromethanesulfonic acid to the mono-ylide 17a,b allowed to 
obtain the expected diphosphonium 18a,b in 95% yield as a mixture 70/30 of two stereoisomers 
(Scheme 13, figure 6). Due to the presence of two identical stereogenic carbon centers, these two 
isomers were attributed to the meso and RS/SR isomers, the major isomer having certainly the two  
ester groups in anti-position. The observed 
31
P chemical shifts of 18a,b (P = + 16.5; P = + 14.5 
ppm) are very similar to those of the analogous nonstabilized six membered diphosphonium 11 (P = 
+ 12.6 ppm). 
 
HOTf
Ph2P PPh2
C C
CEtO2C
O
OEt
H
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Ph2P PPh2
C C
EtO2C
2 TfO
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C
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C
O
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O
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Scheme 13. Reactivities (protonation and oxydation) of the cyclic bis-ylide 15. 
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Figure 6. 
31
P NMR of the diprotonated bisylide 18a,b in CD3CN. 
 
The introduction of electron-withdrawing groups at the carbon positions allowed to stabilize the 
bis-ylides 15 and 16. They however remain unstable in the air and require to be handled under an 
inert atmosphere. In the case of 15, a ring opening was observed in presence of dioxygen affording 
the phosphine oxide 19 in quantitative yield. In the 
31
P NMR spectrum, the existence of an AB 
system at  = +22.2 and +27.9 ppm (JPP = 6.1 Hz) is in agreement with the presence of two different 
types of phosphorus atoms. The exact structure of 19 was finally determined by X-ray diffraction 
analysis of white crystals deposited from a CH3CN/Et2O mixture (Scheme 13, Figure 7). 
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Figure. 7 ORTEP view of the X-ray crystal structure of the monoylide-phosphine oxide 19 with 
thermal ellipsoids drawn at the 30% probability level (for clarity, H atoms are omitted). Selected 
bond distances (Å) and angles (deg). P1-O1 1.4826(15), P2-C33 1.751(2), C33-C34 1.451(3), C33-
C37 1.408(3), C34-O2 1.215(2), C37-O4 1.247(3), P2-C33-C34 121.53(15), P2-C33-C37 
113.60(15), C34-C33-C37 124.67(19). 
 
The solid state analysis confirmed the presence of a phosphine oxide and a -bis-stabilized 
phosphonium ylide fragments resulting of the clivage of one ylidic P-C bond. The measured values 
of the P2-C33 (1.751(2) Å), C33-C34 (1.451(3) Å) and C33-C37 (1.408(3) Å) show that the 
delocalization of the ylidic lone pair is directed towards the most electron-withdrawing substituent 
(EtO2CCO), as expected. 
Upon  addition of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) to the diphosphonium 18a,b 
in a dichloromethane solution, the 
31
P NMR spectrum showed the disappearance of the two signals 
of 18a,b at P = + 16.5; P = + 14.5 ppm, and the appearance of the unique singlet at P = + 4.9 ppm 
of a new compound 20 (Scheme 14, Figure 7). The exact structure of 20 was assigned by 
1
H and 
13
C 
NMR analyses which indicated a formal « dehydrogenation » of the diphosphonium 18a,b. 
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Scheme 14. Preparation of the ‘dehydrogenated’ diphosphonium 20. 
 
 
Figure 7. 
31
P NMR of the diphosphonium 20 in CD3CN. 
 
Finally, we were able to isolate three dehydrogeno-derivatives of the diacidic diphosphonium  
18a,b: its mono-deprotonated form 17a,b, its bis-deprotonated form 15, and its dehydrogenated 
form 20. The four species constitute the complete protonation-reduction singlet series of the ène-
diphosphonium 20 (Scheme 15). 
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Scheme 15. The complete protonation-reduction singlet series of the ène-diphosphonium 20. 
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Conclusion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 3: Diphosphonium bis-ylides 
 
85 
 
 
The synthesis, structure, and stability of head-to-head bis-ylides of diphosphoniums constrained in 
five-, six-, and seven-membered rings have been systematically compared. In the non-stabilized 
series, while the fused bis-ylide XXVI and the -bisylides 9 and 11 are relatively stable, the -
bisylide 12 is unstable due to the repulsion of two vicinal negative charges and undergoes 
spontaneous fragmentation to o-dppb and acetylene. Introducing electron-withdrawing substituents at 
the two ylidic carbon atoms allowed for the isolation of the stabilized -bis-ylides 15 and 16. The 
latter were obtained by a formal [2+1+1] reaction of o-dppb with the corresponding electron-poor 
alkynes. The complete protonation-reduction singlet series of the ester-disubstituted ène-
diphosphonium 20 was characterized. The stabilization effects and the stereochemical behaviour of 
the -bis-ylides have been reproduced and analyzed at the theoretical level: by contrast to 
unsubstituted parents, -bis-ylides stabilized by ester groups exhibit endothermic dissociation. These 
results illustrate how electrostatic effects (e.g. repulsion between adjacent negative charges) may 
govern reactivity in sterically constrained frameworks .
13
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Experimental part 
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15. To a solution of 1,2-bis(diphenylphosphino)benzene 1 (0.45 g, 1.0 mmol) in dry toluene (10.0 
mL) at room temperature was added diethyl acetylenedicarboxylate (DEAD) (0.33 mL, 2.05 mmol). 
The reaction mixture was then stirred for 10 minutes. After evaporation of the solvent under vacuum, 
the reddish-yellow solid residue was washed by dry diethyl ether (2 x 20 mL) affording 15 as a 
yellow solid product (yield: 0.60 g, 98%). 
31
P NMR (CD3CN, 25°C):  = +0.52 (s), +2.21 (s) ppm; 
31
P NMR (CD3CN, 0°C):  = +0.36 (s) and 
+2.40 (s); +0.60 (s), +2.23 (s) ppm. 
1
H NMR (CD3CN, 0°C):  = 0.36 (t, JHH = 7.1 Hz, CH3), 0.41 (broad t, JHH = 7.0 Hz, CH3), 1.07 
(broad t, JHH = 7.0 Hz, CH3), 1.11 (broad t, JHH = 6.9 Hz, CH3), 3.33 (m, CH2), 3.54 (m, CH2), 3.78 
(m, CH2), 7.18-7.37 (m, Har), 7.44-7.69 (m, Har), 8.12-8.28 (m, Har). 
13
C NMR (CD3CN, 0°C):  = 13.3 (s, CH3), 13.4 (s, CH3), 14.8 (s, CH3), 14.9 (s, CH3), 56.5 (s, 
CH2), 56.6 (s, CH2), 56.9 (s, CH2), 128.1 (m, CHar, Car), 128.3 (d, JCP = 12.2 Hz, CHar), 128.8 (d, JCP 
= 15.3 Hz, CHar), 130.2 (d, JCP = 88.1 Hz, Car), 130.9-131.8 (m, CHar, Car), 132.2 (s, CHar), 133.1 (d, 
JCP = 10.0 Hz, CHar), 133.3 (d, JCP = 10.0 Hz, CHar), 133.7 (m, CHar), 134.4 (pseudo ttt, JCP = 7.6 
and 24.0 Hz, CHar), 169.5 (d, JCP = 25.7 Hz, CO), 170.1 (d, JCP = 28.4 Hz, CO), 170.5 (d, JCP = 27.4 
Hz, CO), 170.6 (d, JCP = 27.0 Hz, CO). 
MS (ES+) m/z 617.2 [MH]
+
. HRMS (ES
+
) calcd. for C38H35O4P2: 617.2011; found 617.2037. 
 
16. To a solution of 1,2-bis(diphenylphosphino)benzene 1 (0.45 g, 1.0 mmol) in dry toluene (10.0 
mL) at room temperature was added 1,4-diphenylbut-2-yne-1,4-dione (0.48 g, 2.05 mmol). The 
reaction mixture was then stirred for 10 minutes. After evaporation of the solvent under vacuum, the 
reddish-yellow solid residue was washed by dry diethyl ether (2 x 20 ml) giving 16 as a yellow solid 
product (yield: 0.61 g, 90%). 
31
P NMR (CD3CN, 25°C): δ = -0.08 ppm; 
31
P NMR (CD3CN, -40°C): δ = +0.24 ppm. 
1
H NMR (CD3CN, -40°C): δ = 6.42 (d, JHH = 6.7 Hz, 4H, Har), 6.68 (m, 4H, Har), 7.00 (m, 2H, Har), 
7.17-7.29 (m, 4H, Har), 7.40 (m, 3H, Har), 7.50 (m, 1H, Har), 7.58 (m, 2H, Har), 7.66 (m, 1H, Har), 
7.77-7.90 (m, 9H, Har), 8.11 (m, 4H, Har). 
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13
C NMR (CD3CN, -40°C): δ = 124.4 (d, JCP = 73.0 Hz, Car), 126.5 (brs, CHar), 128.1 (brs, CHar), 
128.8-129.7 (m, CHar, Car), 130.9 (brs, CHar), 131.7 (brs, CHar), 131.9 (brs, CHar), 132.7 (brs, CHar), 
133.5 (m, CHar), 136.1 (brs, CHar), 141.9 (brs, Car), 185.7 (pseudo t, JCP = 9.4 Hz, CO).  
MS (ES+): m/z 681.2 [MH]
+
; HRMS (ES
+
) calcd. for C46H35O2P2 681.2112; found, 681.2115. 
 
17. To a solution of bis-ylide 15 (0.62 g, 1.0 mmol) in dry dichloromethane (10.0 mL) was added at 
room temperature trifluoromethane sulfonic acid (0.093 mL, 1.05 mmol). The reaction mixture was 
then stirred for 1 hour. After evaporation of the solvent under vacuum, the solid residue was washed 
by diethyl ether (2 x 20 mL) giving a white solid (yield: 0.59 g, 96%). Suitable mono-crystals from 
X-ray diffraction analysis were obtained from a THF/diehtyl ether mixture. NMR assignment: 
A
major 
isomer (60%), 
B
minor isomer (40%). 
31
P NMR (CD3CN, 25°C): δ = 
B
4.20 (d, JCP = 18.2 Hz), 
A
5.46 (d, JCP = 16.2 Hz), 
B
14.65 (d, JCP = 
18.2 Hz), 
A
15.50 (d, JCP = 16.2 Hz) ppm. 
1
H NMR (CD3CN): δ = 0.63 (t, JHH = 7.1 Hz, CH3), 0.92 (t, JHH = 7.1 Hz, CH3), 0.96 (t, JHH = 7.1 
Hz, CH3), 1.25 (t, JHH = 7.1 Hz, CH3), 3.84-4.15 (m, CH2), 
A
5.96 (dd, JHP = 22.1 and 17.6 Hz, CH), 
B
5.88 (dd, JHP = 23.1 and 18.5 Hz, CH), 7.04-8.06 (m, CHar). 
13
C NMR (CD3CN, 25 °C): δ = 13.0 (s, CH3), 13.1 (s, CH3), 13.6 (s, CH3), 14.5 (s, CH3), 38.9 (dd, 
JCP = 7.5 and 50.3 Hz, CH), 39.3 (dd, JCP = 8.8 and 54.1 Hz, CH), 58.8 (s, CH2), 62.9 (s, CH2), 116.0 
(d, JCP = 88.1 Hz, C), 116.1 (d, JCP = 86.8 Hz, C), 117.4 (d, JCP = 71.7 Hz, C), 117.5 (d, JCP = 71.7 
Hz, C), 120.5 (dd, JCP = 5.0 and 83.0 Hz, C), 120.7 (dd, JCP = 6.3 and 81.8 Hz, C), 121.2 (q, JCF = 
322.0 Hz, CF3SO3), 124.9 (dd, JCP = 2.0 and 93.1 Hz, C), 125.4 (d, JCP = 94.3 Hz, C), 125.6 (dd, JCP 
= 2.5 and 99.4 Hz, C), 126.3 (d, JCP = 93.1 Hz, C), 128.3 (d, JCP = 11.3 Hz, CHar), 128.6 (d, JCP = 
13.8 Hz, CHar), 128.7 (d, JCP = 13.8 Hz, CHar), 128.8 (d, JCP = 12.6 Hz, CHar), 129.0 (d, JCP = 13.8 
Hz, CHar), 130.1 (d, JCP = 12.6 Hz, CHar), 130.2 (d, JCP = 12.6 Hz, CHar), 130.5 (d, JCP = 12.6 Hz, 
CHar), 131.0 (m, C), 131.5 (m, C), 132.2-132.4 (m, CHar), 133.12 (s, CHar), 133.14 (s, CHar), 133.4 
(d, JCP = 10.1 Hz, CHar), 133.6 (d, JCP = 10.1 Hz, CHar), 133.7 (d, JCP = 11.3 Hz, CHar), 133.9 (d, JCP 
= 10.1 Hz, CHar), 134.5 (d, JCP = 10.1 Hz, CHar), 134.6 (d, JCP = 11.3 Hz, CHar), 135.5-135.9 (m,  
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CHar), 136.1 (pseudo t, JCP = 8.8 Hz, CHar), 137.0-137.2 (m, CHar), 168.0 (dd, JCP = 7.5 and 16.3 Hz, 
CO), 168.2 (dd, JCP = 8.8 and 12.6 Hz, CO), 169.0 (d, JCP = 8.8 Hz, CO), 169.1 (d, JCP = 8.8 Hz, 
CO).  
MS (ES+) m/z 617.2 [M]
+
. HRMS (ES
+
) calcd. for C38H35O4P2: 617.2011; found 617.2037. 
 
18. To a solution of bis-ylide 15 (0.62 g, 1.0 mmol) in dry dichloromethane (8.0 mL) at room 
temperature was added trifluoromethane sulfonic acid (0.22 mL, 2.05 mmol). The reaction mixture 
was then stirred for 3 hours. After evaporation of the solvent under vacuum, the yellow solid product 
was washed by diethyl ether (3 x 25 mL) giving a white solid product (yield: 0.57 g, 95%). NMR 
assignment: 
A
major isomer (70%), 
B
minor isomer (30%). 
31
P NMR (CD3CN, 25°C): δ = +14.52
B
, +16.47
A
 ppm. 
1
H NMR (CD3CN, 25°C): δ = 0.91 (t, JHH = 7.1 Hz, 6H, CH3), 1.00 (t, JHH = 7.1 Hz, 2H, CH3), 1.30 
(t, JHH = 7.2 Hz, 0.8H, CH3), 3.84-3.91 (m, 1.9H, CH2), 3.94-4.02 (m, 2.4H, CH2), 4.20-4.31 (m, 
1.1H, CH2), 5.39 (broad t, JHP = 13.9 Hz, 0.7H, CH), 5.54 (JHP = 9.8 Hz, 2H, CH), 7.54 (t, JHH = 7.9 
Hz, 1.5H, Har), 7.60-7.66 (m, 9.3H, Har), 7.71-7.88 (m, 9.2H, Har), 7.92-7.94 (m, 3.9H, Har), 7.98-
8.04 (m, 4.6H, Har), 8.15-8.17 (m, 0.6H, Har), 8.26-8.29 (m, 1.9H, Har), 8.34-8.37 (m, 0.6H, Har). 
13
C{
1
H} NMR (CD3CN, 25°C): δ = 12.7 (s, CH3), 13.3 (s, CH3), 40.1 (broad d, JCP = 41.5 Hz, CHP), 
40.4 (pseudo dd, JCP = 7.6 and 51.9 Hz, CHP), 63.4 (s, CH2), 65.0 (CH2), 113.2 (pseudo dd, JCP = 3.8 
and 92.3 Hz, Car), 122.2 (pseudo dd, JCP = 3.7 and 90.8 Hz, Car), 130.8 (d, JCP = 15.1 Hz, CHar), 
130.9 (pseudo t, JCP = 6.8, CHar), 131.0 (d, JCP = 13.2 Hz, CHar), 134.1 (d, JCP = 10.5 Hz, CHar), 
135.0 (t, JCP = 5.7, CHar), 135.1 (t, JCP = 5.7, CHar), 135.3 (d, JCP = 11.6, CHar), 136.5 (s, CHar), 
136.9 (s, CHar), 137.1 (s, CHar), 137.4 (t, JCP = 4.6, CHar), 138.7 (t, JCP = 9.0, CHar), 138.9 (t, JCP = 
9.3, CHar), 163.6 (pseudo t, JCP = 5.3, CO), 164.6 (broad s, CO).  
 
19. Recrystallization of the bis-ylide 15 in wet CH3CN/diethyl ether mixture at room temperature 
resulted in the quantitative formation of the phosphino-phosphonium oxide 19. 
31
P NMR (CD3CN, 25°C):  = +22.2 (d, JPP = 6.1 Hz, 
+
PPh2), +27.9 (d, JPP = 6.1 Hz, OPPh2). 
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1
H NMR (CD3CN, 25°C):  = 0.90 (t, JHH = 7.1 Hz, 3H, CH3), 1.35 (t, JHH = 7.1 Hz, 3H, CH3), 3.89 
(q, JHH = 7.1 Hz, 2H, CH2), 4.25 (q, JHH = 7.1 Hz, 2H, CH2), 7.24-7.64 (m, 24H, Har).  
13
C NMR (CD3CN, 25°C):  = 13.3 (s, CH3), 13.5 (s, CH3), 58.8 (d, JCP = 1.3 Hz, CH2), 60.4 (s, 
CH2), 128.1 (brs, Car), 128.3 (d, JCP = 12.6 Hz, CHar), 130.8 (m, CHar), 131.5 (d, JCP = 10.1 Hz, 
CHar), 131.6 (d, JCP = 2.5 Hz, CHar), 132.0 (d, JCP = 3.8 Hz, CHar), 133.9 (brs, Car), 136.1 (pseudo t, 
JCP = 10.1 Hz, CHar), 136.6 (pseudo t, JCP = 10.1 Hz, CHar), 136.7 (dd, JCP = 100.6 and 8.8 Hz, Car), 
167.2 (d, JCP = 13.8 Hz, C), 167.8 (d, JCP = 16.3 Hz, C), 181.8 (d, JCP = 6.3 Hz, C). 
MS (ES+) m/z 649.2 [MH]
+
. 
 
20. To a solution of diphosphonium 18 (0.22 g, 0.24 mmol) in dry CH2Cl2 (5 mL) at –20°C, was 
added a solution of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (0.27 g, 0.12 mmol) in dry 
CH2Cl2 (5 mL). The reaction mixture was warmed up to room temperature and stirred for 16 hours. 
After evaporation of the solvent under vacuum, the solid residue was washed with diethyl ether (2 x 
20 mL) giving a pale-yellow powder (yield: 0.14 g, 96%). 
31
P NMR (CD3CN, 25°C): δ = 4.93 ppm. 
1
H NMR (CD3CN, 25°C): δ = 1.00 (t, JHH = 7.1 Hz, 6H, CH3), 4.15 (q, JHH = 7.1 Hz, 4H, CH2), 7.63-
7.65 (m, 8H, Har), 7.69-7.74 (m, 8H, Har), 7.89 (pseudo-t, JHH = 7.5 Hz, 4H, Har), 8.10-8.16 (m, 2H, 
Har), 8.27-8.30 (m, 2H, Har). 
13
C NMR (CD3CN, 25°C): δ = 12.6 (s, CH3), 65.8 (s, CH2), 112.5 (pseudo dd, JCP = 15.2 and JCP = 
106.1 Hz, Car), 121.3 (pseudo dd, JCP = 9.3 Hz and JCP = 105.2 Hz, Car), 131.0 (t, JCP = 6.2 Hz, 
CHar), 135.1 (t, JCP = 6.2 Hz, CHar), 137.0 (t, JCP = 5.1 Hz, CHar), 137.3 (s, CHar), 138.4 (t, JCP = 9.5 
Hz, CHar), 142.4 (pseudo dd, JCP = 17.0 Hz and JCP = 87.4 Hz, Car), 150.5 (s, Car), 159.5 (t, JCP = 
12.6 Hz, CO). Masse 
 
Computational Details. 
Geometries were fully optimized at the B3PW91/6-31G** level of calculation using Gaussian03.
5 
Vibrational analysis was performed at the same level of calculation as the geometry optimization. 
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The magnetic shielding tensor was calculated at the B3PW91/6-31+G** level using the GIAO 
(gauge-independent atomic orbital) method implemented in Gaussian 03.
16
 The 
31
P NMR chemical 
shifts were estimated with respect to the usual H3PO4 reference.  
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The starting ambition of this work was to study the effect of electrostatic interactions on 
the reactivity, in the general sense, of vicinal diphosphoniums derived from 1,2-
bis(diphenylphosphino)benzene. Different highly constrained acyclic and cyclic 
diphosphoniums were prepared and fully characterized, and their internal steric/electrostatic 
strains were estimated through the measurement of the P
+…P+ distances by X-ray diffraction 
analysis of single crystals. These diphosphoniums were used to generate the corresponding 
diphosphonium bis-ylides. In the acyclic series, a rearrangement to a carbodiphosphorane was 
observed. In the cyclic case, a rhodium(I) bis-ylide complex with triply bridged ylidic centers 
was isolated and fully characterized by both spectroscopic and theoretical methods.  
To access cyclic -stabilized head-to-head -bis-ylides, a method based on the cyclo-
addition reaction between 1,2-bis(diphenylphosphino)benzene and the corresponding 
electron-poor alkynes was devised from the observation of the converse process in the non-
stabilized version. Several phosphonium-phosphonium ylide derivatives were thus obtained 
and characterized by spectroscopic and X-ray diffraction analyses.  
The stability and reactivity of the new diphosphonium derivatives described here were 
analyzed to be driven by their sterically constrained electrostatics, and in particular by their 
+/+ or –/– repulsive components. 
The ylidic species now deserve systematic investigation of their coordination chemistry 
toward transition metal centers. For example, reaction of the head-to-head -bis-ylide 15  
with a transition metal salt MX2 could afford the metala-cyclopropane complex [MII(15)], 
that could also be described as the 2-alkene complex [M0(20)] of the highly electron poor 
diphosphonio-maleate ligand 20. While the strong coordinating ability of the -bis-ylide 15 is 
anticipated to be at least a kinetic driving force for the formation of complex [(M(15)], the 
extreme deactivation of the alkene 20 is expected to strongly disfavor the thermodynamic 
stability of the same complex described as [M(20)].  
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The outcome of the reaction is thus an exciting prospect that will allow to conclude on the 
paradox of the oxymoric -bis-ylide ligand 15. The understanding of the result will of course 
require theoretical analyses. More generally, the isolation of new bis-ylide complexes will 
open perspectives not only in coordination chemistry of carbon ligands, but also in the design 
of new catalytic systems. 
 
Ph2P PPh2
C C
CO2EtEtO2C
Ph2P PPh2
C C
CO2EtEtO2C
[MII]
2 X
Ph2P PPh2
C C
CO2EtEtO2C
[M0] 2 X
15
+ MX2
[M(15)]
?
[M(20)]
Crystallographic data of compound XXIII 
 
 
 
 
 
 
 
 
 
        
Chemical 
formula 
 C17.8H16.2F3
O3.9PS 
     
Formula weight  412.54      
Crystal  system 
 
 monoclinic      
a [Å]  10.799(2)      
b [Å]  12.013(2)      
c [Å]  15.743(3)      
α [°]  90      
β [°]  97.25(3)      
γ [°]  90      
V [Å
3
]  2026.0(6)      
T [K]  293       
Space group  P 2/c      
Z  4      
Refl. Measured  11409      
Independent  refl. 
[Rint] 
 2869  
[0.079] 
     
        
        
        
 
 
 
 
 
 
Crystallographic data of compound 5 
 
 
 
 
 
 
 
 
        
Chemical formula  C31H26P2I2      
Formula weight  714.26      
Crystal  system 
 
 orthorhombic      
a [Å]  8.8695(4)      
b [Å]  18.8576(8)      
c [Å]  34.5533(14)      
α [°]  90      
β [°]  90      
γ [°]  90      
V [Å
3
]  5779.3(4)      
T [K]  180      
Space group  P b c a      
Z  8      
Refl. Measured  82939      
Independent  refl. 
[Rint] 
 9191 
[0.058] 
     
        
        
        
 
 
 
 
 
 
 
 
Crystallographic data of compound 6 
 
 
 
 
 
 
 
               
Chemical formula   C34H28F6O6 
P2S2 
    
Formula weight   772.66     
Crystal  system 
 
  monoclinic     
a [Å]   9.5353(9)     
b [Å]   19.6190(13)     
c [Å]   19.8829(18)     
α [°]   90     
β [°]   99.024(11)     
γ [°]   90     
V [Å
3
]   3673.5(6)     
T [K]   180     
Space group   P 1 21/n 1     
Z   4     
Refl. measured   36701     
Independent  refl. [Rint]   7171 
[0.080] 
    
        
        
        
 
 
 
 
 
 
 
 
Crystallographic data of compound 7 
 
 
 
 
 
 
                      
Chemical  formula    C36H36I2OP2    
Formula weight    800.39    
Crystal  system 
 
   monoclinic    
a [Å]    16.1216(9)    
b [Å]    16.4811(14)    
c [Å]    26.8178(15)    
α [°]    90    
β [°]    101.602(7)    
γ [°]    90    
V [Å
3
]    6979.9(8)    
T [K]    180    
Space group    P 21/n    
Z    8    
Refl. measured    69932    
Independent  refl. 
[Rint] 
   13133 
[0.030] 
   
        
        
        
 
 
 
 
 
 
 
Crystallographic data of compound 8 
 
 
 
 
 
 
 
 
        
Chemical formula     C38.50H37 
Cl3F6O6P2 S2 
  
Formula weight     942.14   
Crystal  system 
 
    monoclinic   
a [Å]     35.0471(11)   
b [Å]     14.8261(5)   
c [Å]     17.1363(6)   
α [°]     90   
β[°]     103.455(3)   
γ [°]     90   
V [Å
3
]     8659.8(5)   
T [K]     180   
Space group     C 1 2/c 1   
Z     8   
Refl. Measured     39956   
Independent  refl. 
[Rint] 
    11562 
[0.075] 
  
        
        
        
 
 
 
 
 
 
 
 
 
Crystallographic data of compound 17 a,b 
 
 
 
 
 
 
 
        
Chemical formula     C40 H38 Cl4 O6 P2  
Formula weight     818.50   
Crystal  system 
 
    monoclinic   
a [Å]     15.0094(10)   
b [Å]     14.4953(8)   
c [Å]     19.6285(13)   
α [°]     90   
β[°]     108.284(2)°   
γ [°]     90   
V [Å
3
]     4054.9(4)   
T [K]     180   
Space group     P 1 21/n 1   
Z     4   
Refl. Measured     80745   
Independent  refl. 
[Rint] 
    9325 
0.0439 
  
        
        
        
 
 
 
 
 
 
 
Crystallographic data of compound 4 
 
 
 
 
 
        
Chemical formula     C39H40F6O7P2S2   
Formula weight     860.81   
Crystal  system 
 
    monoclinic   
a [Å]     10.4034(3)   
b [Å]     8.9863(2)   
c [Å]     21.4353(6)   
α [°]     90°   
β[°]     97.0880(10)°   
γ [°]     90°   
V [Å
3
]     1988.63(9)   
T [K]     180K   
Space group     P 1 c 1   
Z     2   
Refl. Measured     57469   
Independent  refl. 
[Rint] 
    14843 
0.0288 
  
        
        
        
 
 
 
 
 
 
 
 
 
 
 
 
 Crystallographic data of compound 19 
 
 
 
 
 
 
 
 
 
        
Chemical formula     C40H38Cl4O6P2   
Formula weight     818.50   
Crystal  system 
 
    monoclinic   
a [Å]     15.0094(10)    
b [Å]     14.4953(8)   
c [Å]     19.6285(13)   
α [°]     90   
β [°]     108.284(2)°   
γ [°]     90   
V [Å
3
]     4054.9(4)   
T [K]     180   
Space group     P 1 21/n 1   
Z     4   
Refl. Measured     80745   
Independent  refl. 
[Rint] 
    9325 
0.0439 
  
        
        
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
New strained diphosphoniums and their bis-ylides: 
Preparation, characterization and stability 
 
          The introduction chapter presents the general context of this manuscript which is 
mainly focused on neutral η1-carbon ligands potentially available for catalytic applications. 
Three types of neutral η1-representatives satisfying the octet role for the carbon atom in the 
free state, and depending on the hybridization state of the coordinating carbon atom are thus 
distinguished: the ylide-type ligands (sp
3
), the carbenes (sp
2
) and the cumulenylidenes (sp). 
         The second chapter of this study describes the preparation and the characterization of a 
series of highly strained vicinal cyclic/acyclic diphosphoniums derived from 1,2-
bis(diphenylphosphino)benzene. Their formal electrostatic and possible van der waals strains 
are then discussed through P
+….+P distances in their crystalline state. 
         In the third chapter and after a brief introduction about the typology of molecules 
containing two phosphonium ylide moities, a synthetic strategy explains two distinct methods 
to prepare cyclic/acyclic bis-ylides. The first method applies the classical route which consists 
of deprotonation of the diphsophonium precursors, while a more original route based on the 
coupling of 1,2-bis(diphenylphosphino)benzene and different electron-poor alkynes through a 
direct cycloaddition cyclization reaction is then presented.    
        Due to the relative stability of the bis-ylides obtained by the cycloaddition reaction, the 
protonation reaction -mono and di- allowed us to isolate diphosphoniums which could not be 
obtained by the classical method. Interestingly, a highly reactive cyclic bis-ylide has been 
obtained by the classical method, trapped by rhodium(1) complex and fully characterized.    
In summary, all the results reported in this thesis highlight that the use of extremely electron-
rich carbon ligands namely diphosphonium ylides might represent an interesting alternative to 
the classical phosphorus congeners in homogeneous catalysis which deserves more attention. 
 
Keywords: carbon ligands, diphosphonium ylides, diaminocarbenes, electrostatic interaction, 
cycloaddition reaction, complexation.   
